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Great emphasis is placed on the science and technology courses in the 
educational curricula of the developed as well as developing countries. One ol the 
aims of the science and technology course is to train individuals capable of keeping 
up the fast developing and changing science world and capable of utilizing the recent 
technological discoveries in every field. However, Physical Science has been viewed 
by students as one of the most difficult subjects in the secondary school curricula. 
Many students find Physical-'Sg.^noe, jPpVc djfficHiU because it is one of the subjccis in 
which the processes and'phehomena cannot be 4irb(?tly obsei-ved. rhese diri'icultics 
• ' ; . ! • ^ \ 
arise due to the abstract, •.s);mbolic, mid molecular ^representations of phenomena. 
From diagrams in textbolsfo.-.to'^  model kits, the representations ot physical and 
chemical phenomena have taken*on different fdrms in the traditional classroom. These 
representations, however, have many limitations to providing the proficient level of 
conceptual understanding in Physical Science. Since students cannot draw from dueci 
physical experience of such phenomena, conceptual understanding of Ph\sical 
Science poses a hardship for learning. This is especially true in the secondary scliool 
environment, where educational tools and resources are limited in the area of Physical 
Science. As a result, a number of changes has been made in the developmeni of 
courses and curricula and in the teaching methods not only in India but also across ihe 
world. Changes to courses, curricula and instructional methods, or in some cases, he 
contemplation of changes, have been driven by concerns about traditional teaching 
methods that they are not the most appropriate for teaching science in generai and 
Physical Science in particular to all students and do not make the best use of advanced 
technologies. 
Advancing technology has opened many doors in science cducaliun. 
The use of computer assisted instruction (CAI) in science provides a number ol 
alternatives to students such as visualization of abstract concepts that will foster their 
conceptual understanding. Although the research studies on the effectiveness of 
computers in the field of education reveals contradictory results, majority ol the 
research studies indicates that CAI brings several possible advantages as a teaching-
learning tool. The main strength of the computer as a learning medium is its ability to 
process information quickly. This makes it possible for the computer to accept and act 
upon a variety of different kinds of response from the learner and to provide 
information in textual graphical, and animated form. CAI benefits most students 
when compared with traditional instruction because it increases student interest, 
reduces anxiety, provides more time on task, and provides instant feedback for the 
student. Besides, CAI could also students with opportumties for self-sufficient 
learning, independent learning, the exercising of various senses and the ability to 
represent content in a variety of media. Inspite of these benefits, computer technology 
has noi been iully utilized and implemented in appropriate, effective and creative 
ways in school education in India., f he recent Indian government efforts to integrate 
ICT into the school curriculum (National Curriculum Framework, 2005) need to be 
supported with a research into how the programme can be implemented and the 
effects such a programme may have on the teaching and learning situations. If the 
government is making these efforts, then research should be geared towards how ICT 
can be fully integrated into teaching and learning and the impact it would have on 
teaching and learning science particularly Physical Science concepts which this 
research is concerned with. Therefore, the investigator had conducted the present 
study to explore whether CAI (teacher-centered CAI and student-centered CAI) is 
more effective than traditional instruction in enhancing students' attitude and 
achievement in Physical Science at secondary school level. Furthermore, two latent 
variables, namely, CAI attitude and CAI Environment Attitude subscales were also 
used as predictors to estimate their contribution towards students' attitude and 
achievement in Physical Science. 
Statement of the Problem 
"A Comparative Study of the Effects of Traditional Teaching and Computer 
Assisted Instruction on Secondary School Students' Attitude and Achievement in 
Physical Science'' 
Objectives of the Study 
1. To develop three measuring instruments, namely, Physical Science Attitude 









To evaluate the effectiveness of multimedia CAI software for teaching 
Physical Science to secondary school students. 
To compare the attitude towards Physical Science at pre-lesl and ptisi lost 
stages respectively for students in the control group. 
To compare the attitude towards Physical Science, at pre-test and post tesi 
stages respectively for students in the Teacher-centered CAI (TCCAl) group. 
To compare the attitude towards Physical Science at pre-test and post-iesi 
stages respectively for students in the Student-centered CAI (SCCAI) groui 
To compare the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on attitude 
towards Physical Science for students in the control group and two 
experimental groups (TCCAI and SCCAI) respectively. 
To compare the achievement 
stages respectively for students 
8. To compare the achievement 
stages respectively for students 
9. To compare the achievement 
in Physical Science at pre-test and posi-icsi 
the control group. m 
in Physical Science at pre-tcsi and posi-i^si 
the Teacher-centered CAI (TCCAI) group m 
in Physical Science at pre-test and posttesi 
stages respectively for students in the Student-centered CAI (SCCAI) group. 
To compare the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on achievenieni 
in Physical Science for students in the control group and two experiment:! I 
groups respectively. 
To examine the effects of traditional teaching and Computer Assisteil 
Instruction (Teacher-centered CAI and Student-centered CAI) on achievemeni 
in Physical Science for students in the control group and two experimental 
groups respectively at different levels of the cognitive domain (viz 
knowledge, comprehension, application, HOTS). 
To explore the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on achievement 
in Physical Science for students in the control group and two experimental 
groups respectively in different content areas (Physics and Chemistry) ol 
Physical Science. 
To study the combined and individual effect of CAI attitude subscales on 
attitude towards Physical Science for students in the TCCAI and SCCAf 
groups respectively. 
14. To study the combined and individual effect of CAI attitude subscales on 
achievement in Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
15. I'o study the combined and individual effect of CAI environmental subscales 
on attitude towards Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
16. To study the combined and individual effect of CAI environmental subscales 
on achievement in Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
17. lo point out the main educational implications of this study. 
Hypotheses of the Study 
Ho 1: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the control group. 
Ho 2: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the TCCAI group. 
Ho 3: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the SCCAI group. 
Ho 4.1: There is no significant main effect of instructional method on mean post-test 
Physical Science attitude scores for students in the control, TCCAI, and 
SCCAI groups respectively, after controlling for the effect of pre-test as a 
covariate. 
Ho 4.2: Ihere is no significant main effect of gender on mean post-test Physical 
Science attitude scores in the control, TCCAI, and SCCAI groups 
respectively, after controlling for the effect of pre-test as a covariate. 
Ho 4.3: There is no significant interaction effect of instructional method and gender 
on mean post-test Physical Science attitude scores for students in the control, 
TCCAL and SCCAI groups respectively, after controlling for the effect of pre-
test as a covariate. 
Ho 5: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the control group. 
II()6: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the TCCAI group. 
H|)7: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the SCCAI group. 
Ho 8.1: There is no significant main effect of instructional metliod on mean posi-test 
achievement scores for students in the control, TCCAI, and SCCAl groups 
respectively, after controlling for the effect of pre-test as a covariale. 
Ho 8.2: There is no significant main effect of gender on mean post-test achicA enieni 
scores for students in the control, TCCAI, and SCCAI groups respccii\cl>. 
after controlling for the effect of pre-test as a covariate. 
Ho 8.3: There is no significant interaction effect of treatment and gender on n can 
post-test achievement scores for students in the control. TCCAI. and SCCAl 
groups respectively, after controlling for the effect of pre-test as a covariale 
Ho 9: There is no significant difference between the mean post-test scores for 
students in the control, TCCAI, and SCCAI groups respectively, at different 
levels of cognitive domain, after controlling for the effect of pre-test as a 
covariate. 
Ho 10: There is no significant difference between the mean post-test scores lor 
students in the control, TCCAI, and SCCAI groups respectively, in diflcrcni 
content areas of Physical Science, after controlling for the effect of pre-tcsi as 
a covariate. 
Ho 11: CAI attitude subscales do not significantly predict the attitude tow aids 
Physical Science for students in the TCCAI and SCCAI groups respective!> 
Ho 12: CAI attitude subscales do not significantly predict the achievement in Physical 
Science for students in the TCCAI and SCCAI groups respectively. 
Ho 13: CAI environment subscales do not significantly predict the attitude towards 
Physical Science for students in the TCCAI and SCCAI groups respectively. 
Ho 14: CAI environmental subscales do not significantly predict the achievement m 
Physical Science for students in the TCCAI and SCCAI groups respective!}. 
Research Design and Methodology 
In this study, a randomized pretest-posttest control group design (Campbell 
and Stanley, 1966) was used because it is a true experimental design which control 
for nearly all sources of internal and external invalidity. 
Sample 
The subjects of the present study included 210 students who were em-olled in 
class X in Ayesha Tarin Modem Public School, Aligarh, Uttar Pradesh, India. Using a 
table of random numbers, these students were randomly assigned to 6 sections, each 
section consisting of 35 students. Further, the three teaching approaches were 
randomly assigned to these 6 sections in such a way that the 2 sections were subjected 
to traditional teaching, another 2 sections were subjected to teacher-centered CAI and 
the remaining 2 to student-centered CAI. In other words, 2 sections, subjected to 
traditional teaching, were considered as control group and the remaining 4 sections, 
subjected to CAI, were considered as experimental groups: 2 sections as teacher-
centered CAI experimental group and the remaining 2 sections as student-centered 
experimental group. Moreover, two teachers were also randomly assigned to these 
sections so that each teacher had three sections to teach by making use of each type of 
teaching approach. This was done to minimize teacher differences and bias. Thus, a 
total of 210 students and 2 teachers (including researcher) were selected as 
participants for this study. 
Tools used in the Study 
• Science textbook and multimedia CAI software were the main intervention 
instruments of this study. 
• I he dependent measure instruments used were; 
Physical Science Attitude Scale (PSAS) 
Physical Science Achievement Test (PSAT) 
Computer Assisted Instruction Attitude Scale (CAIAS) 
Computer Assisted Instruction Environment Scale (CAIES) 
PSAS, PSAT, and CAIAS were developed by the investigator; whereas 
Multimedia CAI software was developed by the investigator with the help of a 
computer expert. 
Data Collected for the Study 
In order to measure students' attitude towards Physical Science and their 
achievement in Physical Science, Physical Science Attitude Scale and Physical 
Science Achievement Test were administered as pre-tests and post-tests respectively 
to students in all the three groups at the beginning and end of the treatment. In order 
to compare attitudes toward CAI and CAI enviromnent, CAI attitude scale and CAI 
environment scale were administered only to the students of both the expenmemal 
groups at the end of the treatment. 
Statistical Techniques Employed 
The main statistical techniques used in this study were: 
• Item analysis using Pearson's Product Moment Correlation 
• Determination of reliability and validity of tools developed by the investigator, 
namely, PSAS, PSAT, and CAIAS 
• Computation of mean and standard deviation 
• Independent samples Mest to see the significant difference between two means 
• Paired-samples Mest to see the significant difference in pre- and posi-mcan 
measurements on PSAS and PSAT respectively within the same group 
• Factorial ANOVA to determine the significant difference between the 
experimental and control groups' attitude and achievement in Physical Sciv a(.c 
as measured by using PSAS and PSAT at pre-test stage 
• Factorial ANCOVA to determine the significant difference between the 
experimental and control groups' attitude and achievement in Physical Science 
as measured by using PSAS and PSAT at post-test stage, by taking ilieir 
respective pre-test measurements as covariate 
• Standard multiple regression to find out the combined and individual efleci oC 
CAI attitude and CAI environment subscales as predictors on attitude and 
achievement in Physical Science, of students of TCCAl and SCCAI groups 
Findings 
The main findings emanating from the present investigation are as follows. 
Effects of Traditional Teaching and Computer Assisted Instruction (TCC AI and 
SCCAI) on Students' Attitude towards Physical Science 
1. Paired-samples t-test results showed that there was a significant difference 
between the Pre-PSA and Post-PSA means for the control group. / (67) 
19.87, p < .05. This indicates that traditional teaching had some positive 
impact on attitude towards Physical Science for students in the control group 
2. There was a significant difference between the Pre-PSA and Post-PSA means 
for the TCCAI group, as indicated by the paired-samples t-test, t (67) = -22.75, 
p < .05. This shows that TCCAI had greater positive impact on attitude 
towards Physical Science for students in the TCCAI group as compared to 
traditional teaching. 
3. Paired-samples t-test results showed that there was a significant difference 
between the Pre-PSA and Post-PSA means for the SCCAI group, t (67) = -
29.88, p < .05. This indicates that SCCAI had greater positive impact on 
attitude towards Physical Science for students in the SCCAI group as 
compared to traditional teaching but lesser positive impact as compared to 
TCCAI. 
4. At the pre-test stage, there was no significant difference in attitude towards 
Physical Science among the control, TCCAI, and SCCAI groups. In other 
words, these three groups were found to be equivalent as far as their attitude 
towards Physical Science at pre-test stage was concerned. But at the post-test 
stage, two-way ANCOVA results indicated a significant main effect for the 
instructional method. That is, there was a significant difference in attitude 
towards Physical Science among the control, TCCAI, and SCCAI groups, F 
(2, 197) = 15.21, p < .05, partial rj^  = .134. Instructional method accounted for 
13.4 percent of the total variance in attitude towards Physical Science, after 
controlling for the effect of Pre-PSA scores used as a covariate. 
Pairwisc comparisons showed that after adjustment for the Pre-PSA scores 
used as covariate, the Post-PSA mean of TCCAI group was 3.35 and 7.01 
points higher than that of SCCAI and control groups respectively. Moreover, 
the Post-PSA mean of SCCAI group was 3.66 points higher than that of 
control group. In other words, ANCOVA followed by pairwise comparisons 
indicated the superiority for the instructional methods, as far as their effects on 
students' attitude towards Physical Science was concerned, in the following 
order: TCCAI > SCCAI > Traditional Teaching. 
5. Results of two-way ANCOVA also indicated a non-significant main effect for 
gender. F (1, 197) --- 0.01, p > .05. That is, there was no significant difference 
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in attitude towards Physical Science among the male and female students oj 
control, TCCAI, and SCCAI groups. 
6. There was no significant interaction between instructional method and gender 
as shown by the resuhs of two-way ANCOVA, F (2, 197) = 0.50, p > .0.^ . 
Effects of Traditional Teaching and Computer Assisted Instruction (TCCAI and 
SCCAI) on Students' Achievement in Physical Science 
1. Paired-samples t-test results showed that there was a significant difference 
between the Pre-test and Post-test means for the control group, / (67) ->(» 72. 
p < .05. This indicates that traditional teaching had some positive impaci on 
achievement in Physical Science for students in the control group. 
2. There was a significant difference between the Pre-test and Post-test means foi 
the TCCAI group, as indicated by the paired-samples t-test, / (67) - 44.01 p 
< .05. This shows that TCCAI had greater positive impact on achievemeni in 
Physical Science for students in the TCCAI group as compared to traditional 
teaching. 
3. Paired-samples t-test results showed that there was a significant dilferenee 
between the Pre-test and Post-test means for the SCCAI group. / (67) ^ -32 .~^  i. 
p < .05. This indicates that SCCAI had greater positive impact on achievement 
in Physical Science for students in the SCCAI group as compared to 
traditional teaching but lesser positive impact as compared to TCCAI. 
4. At the pre-test stage, there was no significant difference in achievcmeni i i 
Physical Science among the control, TCCAI, and SCCAI groups. In other 
words, these three groups were found to be equivalent as far as ther: 
achievement in Physical Science at pre-test stage was concerned. But at ihe 
post-test stage, two-way ANCOVA results indicated a significant main effeci 
for the instructional method. That is, there was a significant difference in 
achievement in Physical Science among the control, TCCAI. and SCC \i 
groups, F (2, 197) = 40.40, p < .05, partial r)^  = .291. Instructional method 
accounted for 29.1 percent of the total variance in achievement in Physical 
Science, after controlling for the effect of Pre-test scores used as a covariate. 
Pairwise comparisons showed that after adjustment for the Pre-test scores used 
as covariate, the Post-test mean of TCCAI group was 4.98 and 9.83 points 
higher than that of SCCAI and control groups respectively. Moreover, the 
Post-test mean of SCCAI group was 4.85 points higher than that of control 
group. In other words, ANCOVA followed by pairwise comparisons indicated 
the superiority for the instructional methods, as far as their effects on students' 
achievement in Physical Science was concerned, in the following order: 
TCCAI > SCCAI > Traditional Teaching. 
5. Results of two-way ANCOVA also indicated a non-significant main effect for 
gender, F (1, 197) = 0.09, p > .05. That is, there was no significant difference 
in achievement in Physical Science among the male and female students of 
control, TCCAI, and SCCAI groups. 
6. There was no significant interaction between instructional method and gender 
as shown by the results of two-way ANCOVA, F(2, 197) = 0.72,p> .05. 
Effects of Traditional Teaching and Computer Assisted Instruction (TCCAI and 
SCCAI) on Students' Achievement in Physical Science at different levels of 
the cognitive domain 
1. At the post-test stage, one-way ANCOVA yielded a significant main effect for 
the instructional method on students' achievement on knowledge component 
of PS AT, F (2, 200) = 32.61, /?< .05, partial ri^  = .246. Instructional method 
accounted for 24.6 percent of the total variance in post-test scores on 
knowledge component of PSAT, after controlling for the effect of pre-test 
scores used as a covariate. This result indicated that there was a significant 
difference between the mean post-test achievement scores for students in the 
control, rCCAl, and SCCAI groups respectively, on knowledge component of 
achievement test, after controlling for the effect of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 1.01 and 2.84 points higher than that of SCCAI and control groups 
respectively, on knowledge component of PSAT. Moreover, the Post-test 
mean of SCCAI group was 1.83 points higher than that of control group. In 
other words, ANCOVA followed by pairwise comparisons indicated the 
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superiority for the instructional methods, as far as their effects on stittonts" 
achievement on knowledge component of PSAT was concerned, in the 
following order: TCCAI > SCCAI > Traditional Teaching. 
2. At the post-test stage, one-way ANCOVA yielded a significant main efloc: for 
the instructional method on students' achievement on comprehension 
component of PSAT, F (2, 200) - 13.90, p < .05, partial n" 22. 
Instructional method accounted for 12.2 percent of the total variance in posi-
test scores on comprehension component of PSAT, after controlling for the 
effect of pre-test scores used as a covariate. This result indicated that there was 
a significant difference between the mean post-test achievement scores Ibi 
students in the control, TCCAI, and SCCAI groups respective!}, on 
comprehension component of achievement test, after controlling for the cfteci 
of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 1.20 and 2.41 points higher than that of SCCAI and control groups 
respectively, on comprehension component of PSAT. Moreover, the Post-t. si 
mean of SCCAI group was 1.21 points higher than that of control group, in 
other words, ANCOVA followed by pairwise comparisons indicated ilic 
superiority for the instructional methods, as far as their effects on siudenb' 
achievement on comprehension component of PSAT was concerned, in the 
following order: TCCAI > SCCAI > Traditional Teaching. 
3. At the post-test stage, one-way ANCOVA yielded a significant main effect tor 
the instructional method on students' achievement on application componeir 
of PSAT, F (2, 200) = 16.11,/? < .05, partial ^^ = .139. Instructional method 
accounted for 13.9 percent of the total variance in post-test scores iii 
application component of PSAT, after controlling for the effect of prc-tosi 
scores used as a covariate. This result indicated that there was a significani 
difference between the mean post-test achievement scores for students in the 
control, TCCAI, and SCCAI groups respectively, on application component oi 
achievement test, after controlling for the effect of pre-test as a covariate. 
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Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 1.19 and 2.28 points higher than that of SCCAI and control groups 
respectively, on application component of PSAT. Moreover, the Post-test 
mean of SCCAI group was 1.09 points higher than that of control group. In 
other words, ANCOVA followed by pairwise comparisons indicated the 
superiority for the instructional methods, as far as their effects on students' 
achievement on application component of PSAT was concerned, in the 
following order: TCCAI > SCCAI > Traditional Teaching. 
4. At the post-test stage, one-way ANCOVA yielded a significant main effect for 
the instructional method on students' achievement on HOTS component of 
PSAT, F (2, 200) = 9.36, p < .05, partial ri^  = .085. Instructional method 
accounted for 8.5 percent of the total variance in post-test scores on HOTS 
component of PSAT, after controlling for the effect of pre-test scores used as a 
covariate. This result indicated that there was a significant difference between 
the mean post-test achievement scores for students in the control, TCCAI, and 
SCCAI groups respectively, on HOTS component of achievement test, after 
controlling for the effect of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 0.57 and 0.96 points higher than that of SCCAI and control groups 
respectively, on HOTS component of PSAT. Moreover, the Post-test mean of 
SCCAI group was 0.39 points higher than that of control group. In other 
words, ANCOVA followed by pairwise comparisons indicated the superiority 
for the instructional methods, as far as their effects on students' achievement 
on HOTS component of PSAT was concerned, in the following order: TCCAI 
> SCCAI > Traditional Teaching. 
Effects of Traditional Teaching and Computer Assisted Instruction (TCCAI and 
SCCAI) on Students' Achievement in different content areas (Physics and 
Chemistry) of Physical Science 
1. At the post-test stage, one-way ANCOVA yielded a significant main effect for 
the instructional method on students' achievement on Physics part of PSAT, F 
(2, 200) - 38.53, p < .05, partial ri^  = .278. Instructional method accounted for 
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27.8 percent of the total variance in post-test scores on Physics part of PSA 1. 
after controlling for the effect of pre-test scores used as a covariate. This result 
indicated that there was a significant difference between the mean post-test 
achievement scores for students in the control, TCCAI, and SCCAl groups 
respectively, on Physics part of achievement test, after controlling lot ihe 
effect of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of ICCAl 
group was 2.51 and 4.82 points higher than that of SCCAI and control groups 
respectively, on Physics part of PSAT. Moreover, the Post-test mem of 
SCCAI group was 2.31 points higher than that of control group. In other 
words, ANCOVA followed by pairwise comparisons indicated the superiority 
for the instructional methods, as far as their effects on students' achievement 
on Physics part of PSAT was concerned, in the following order: TCC\1 > 
SCCAI > Traditional Teaching. 
2. At the post-test stage, one-way ANCOVA yielded a significant main effect lor 
the instructional method on students' achievement on Chemistry pan )f 
PSAT, F (2, 200) = 38.56, p < .05, partial yf = .278. Instructional meihc.d 
accounted for 27.8 percent of the total variance in post-test scores on 
Chemistry part of PSAT, after controlling for the effect of pre-test scores used 
as a covariate. This result indicated that there was a significant difference 
between the mean post-test achievement scores for students in the control. 
TCCAI, and SCCAI groups respectively, on Chemistry part of achievement 
test, after controlling for the effect of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCM 
group was 2.24 and 5.02 points higher than that of SCCAI and control groups 
respectively, on Chemistry part of PSAT. Moreover, the Post-test mean ol 
SCCAI group was 2.78 points higher than that of control group. In othei 
words, ANCOVA followed by pairwise comparisons indicated the superioriiv 
for the instructional methods, as far as their effects on students" achievement 
on Chemistry part of PSAT was concerned, in the following order: TCCAI > 
SCCAI > Traditional Teaching. 
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Combined and Individual effect of CAI Attitude Subscales on Attitude towards 
Physical Science for students in the TCCAI and SCCAI groups 
1. CAI attitude subscales significantly predicted the attitude towards Physical 
Science for students in the TCCAI group, F (5, 62) = 7.29, p < .001. They 
together accounted for 31.9% of the variance in attitude towards Physical 
Science {R = .608, R^ = .370, Adjusted R^ = .319). Out of the five CAI attitude 
subscales (namely, content presentation, assessment, individualization, 
integration, and perceived effectiveness), integrafion (t (62) = 3.78, p < .05) 
and perceived effectiveness {t (62) = 2.21,;? < .05) significantly predicted the 
attitude towards Physical Science for students in the TCCAI group. Integration 
and perceived effectiveness respectively explained 14.5% and 4.5% of the 
variance in attitude towards Physical Science for students in the TCCAI group. 
2. CAI attitude subscales also significantly predicted the attitude towards 
Physical Science for students in the SCCAI group, F (5, 62) = 6.88,/?< .001. 
They together accounted for 30.5% of the variance in attitude towards 
Physical Science (R = .597, R^ = .357, Adjusted R^ = .305). Out of the five 
CAI attitude subscales, individualization {t (62) = 3A5,p < .05) and perceived 
effectiveness (/ (62) = 2.90, p < .05) significantly predicted the attitude 
towards Physical Science for students in the SCCAI group. Individualization 
and perceived effectiveness respectively explained 32.1% and 29.5%) of the 
variance in attitude towards Physical Science for students in the SCCAI group. 
Combined and Individual effect of CAI Attitude Subscales on Achievement in 
Physical Science for students in the TCCAI and SCCAI groups 
1. CAI attitude subscales significantly predicted the achievement in Physical 
Science for students in the TCCAI group, F (5, 62) = 21.49, p < .001. They 
together accounted for 60.5%o of the variance in achievement in Physical 
Science {R = .796, R^ = .634, Adjusted R^ = .605). Out of the five CAI attitude 
subscales, content presentation {t (62) = 3.19, /? < .05), integration (/ (62) = 
5.35,7? < .05), and perceived effectiveness (/ (62) = 2.31,/)< .05) significantly 
predicted the achievement in Physical Science for students in the TCCAI 
group. Content presentation, integration and perceived effectiveness 
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respectively explained 6%, 16.9% and 3.2% of the variance achievement in 
Physical Science for students in the TCCAI group. 
2. CAI attitude subscales also significantly predicted the achievement in Ph) ^ ical 
Science for students in the SCCAI group, F (5, 62) = 16.19, p < .001 1 hey 
together accounted for 53.1% of the variance in achievement in Physical 
Science {R = .752, R^ = .566, Adjusted R^ = .531). Out of the tlve CAI attitude 
subscales, content presentation {t (62) = 2.74, p < .05), individualizauou {i 
(62) = 2.24, p < .05), and perceived effectiveness {t (62) = 3.89. p < 05) 
significantly predicted the achievement in Physical Science for students sn ihe 
SCCAI group. Content presentation, individualization, and perceived 
effectiveness respectively explained 5.2%, 3.5''/o and 10.6% of the variance 
achievement in Physical Science for students in the SCCAI group. 
Combined and Individual effect of CAI Environment Subscales on Attitude 
towards Physical Science for students in the TCCAI and SCCAI groups 
1. CAI environment subscales significantly predicted the attitude towaid.s 
Physical Science for students in the TCCAI group, F (3, 64) =^  12.05. p < .Oi. 
They together accounted for 33.1% of the variance in attitude towards 
Physical Science (R = .601, R^ = .361, Adjusted R^ = .331). Out of the three 
CAI environment subscales (namely, cognitive, emotional, and interaction). 
only cognitive factor (t (64) = 4.67,/) < .05) significantly predicted the attitude 
towards Physical Science for students in the TCCAI group. Cognitive substale 
accounted for 21.8% of the variance in attitude towards Physical Science fcv 
students in the TCCAI group. 
2. CAI environment subscales significantly predicted the attitude towards 
Physical Science for students in the SCCAI group, F (3, 64) = 8.88, p < .('5 
They together accounted for 26.1%) of the variance in aUitude lowarls 
Physical Science {R = .542, R^ = .294, Adjusted R^ = .261). Out of the three 
CAI environment subscales, only emotional subscale (/ (64) = 5.03,/;' < .0.^ ) 
significantly predicted the attitude towards Physical Science for students in the 
SCCAI group. Emotional subscale accounted for 27.9%) of the variance in 
attitude towards Physical Science for students in the SCCAI group. 
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Combined and Individual effect of CAI Environment Subscales on Achievement 
in Physical Science for students in the TCCAI and SCCAI groups 
1. CAI environment subscales significantly predicted the achievement in 
Physical Science for students in the TCCAI group, F(3, 64) = 22.\9,p< .05. 
They together accounted for 48.7% of the variance in achievement in Physical 
Science {R = .714, R^ = .510, Adjusted R^ = .487). Out of the three CAI 
environment subscales, cognitive factor (/ (64) = 6.80,/> < .05) and interaction 
factor (/ (64) = 2.20, p < .05) significantly predicted the achievement in 
Physical Science for students in the TCCAI group. Cognitive and interaction 
subscales respectively accounted for 35.4% and 3.7%) of the variance in 
achievement in Physical Science for students in the TCCAI group. 
2. CAI environment subscales significantly predicted the achievement in 
Physical Science for students in the SCCAI group, F (3, 64) = 10.99, p < .05. 
They together accounted for 30.9% of the variance in achievement in Physical 
Science (R = .583, R^ = .340, Adjusted R^ = .309). Out of the three CAI 
environment subscales, cognitive subscale (t (64) = 3.62, p < .05) and 
emotional subscale (/ (64) = 3.59, p < .05) significantly predicted the 
achievement in Physical Science for students in the SCCAI group. Cognitive 
and emotional subscales respectively accounted for 13.5%> and 13.3% of the 
variance in achievement in Physical Science for students in the SCCAI group. 
Conclusions 
rhe findings of this experimental study lead to a number of conclusions regarding the 
effects of traditional teaching and CAI (TCCAI and SCCAI) on secondary school 
students" attitude and achievement in Physical Science. When the Physical Science 
attitude at pre-test and post-test stages for control, TCCAI, and SCCAI groups was 
compared, it was found that the increase in attitude for the TCCAI group was the 
highest followed by SCCAI and control groups respectively. Further, at post-test 
stage, the results indicated a significant difference in attitude towards Physical 
Science among the groups. Moreover, the TCCAI group exhibited significantly higher 
attitude towards Physical Science than the SCCAI group which, in turn, was found to 
have significantly higher attitude than the control group. Therefore, it can be 
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concluded that TCCAI is more effective in increasing the students' attitudes towards 
Physical Science than SCCAI and traditional teaching. Neither significant effect of 
gender nor significant interaction effect of instructional method and gender was found 
on attitude towards Physical Science at post-test stage. Therefore, it can be concluded 
that TCCAI is an equally effective method for male and female students. 
When the Physical Science achievement at pre-test and post-test stages "or 
control, TCCAI, and SCCAI groups was compared, it was found that the increase in 
achievement for the TCCAI group was the highest followed by SCCAI and control 
groups respectively. Further, at post-test stage, the results indicated that the overall 
performance of TCCAI group on Physical Science Achievement Test (PSAT) was 
significantly better than that of SCCAI group. Moreover, the overall performance ui" 
SCCAI group was significantly better than that of control group. Therefore, it can be 
concluded that TCCAI is a better instructional method for teaching Physical Science 
at secondary school level as compared to SCCAI and traditional teaching. Neither 
significant effect of gender nor significant interaction effect of instructional method 
and gender was found on achievement at post-test stage. Therefore, it can be 
concluded that TCCAI is an equally effective method for male and female students. 
The results for achievement at different levels of the cognitive domain showed 
that TCCAI group performed significantly better than SCCAI and control groups at 
knowledge, comprehension, application, and HOTS components of achievement tes . 
Further, the performance of SCCAI group was significantly better than that of control 
group at knowledge, comprehension, and application levels, but not on HO IS 
subscale. Therefore, it can be concluded that TCCAI is a more effective method ab 
compared to SCCAI and traditional teaching to enhance student learning at 
knowledge, comprehension and application levels of the cognitive domain in the area 
of Physical Science at secondary school level. 
The results for achievement in different content areas of Physical Science 
indicated that both the CAI experimental groups (TCCAI and SCCAI) exhibited 
significantly better achievement in Physics than the control group. Moreover, the 
TCCAI group performed better than the SCCAI group. Therefore, it can be concluded 
that TCCAI is a better instructional method for teaching Physics at secondary school 
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level as compared to SCCAI and traditional teaching. Further, both the TCCAI and 
SCCAI groups exhibited significantly better achievement in Chemistry than the 
Control Group. Moreover, the TCCAI group performed better than the SCCAI group. 
Therefore, it can be concluded that TCCAI is a better instructional method for 
teaching Chemistry at secondary school level as compared to SCCAI and traditional 
teaching. 
The results concerning the combined and individual effects of CAI attitude 
subscales on attitude towards Physical Science showed that CAI attitude subscales 
significantly predicted the attitude towards Physical Science for students in the 
TCCAI and SCCAI groups respectively. Out of the five CAI attitude subscales, only 
two subscales, namely, integration and perceived effectiveness significantly predicted 
the attitude towards Physical Science for students in the TCCAI Group. Only two 
subscales. namely, individualization and perceived effectiveness significantly 
predicted the attitude towards Physical Science for students in the SCCAI Group. The 
results concerning the combined and individual effects of CAI attitude subscales on 
achievement in Physical Science showed that CAI attitude subscales significantly 
predicted the achievement in Physical Science for students in the TCCAI and SCCAI 
groups respectively. Out of the five CAI attitude subscales, only three subscales, 
namely, content presentation, integration, and perceived effectiveness significantly 
predicted the achievement in Physical Science for students in the TCCAI Group. Only 
three subscales, namely, content presentation, individualization, and perceived 
effectiveness significantly predicted the achievement in Physical Science for students 
in the SCCAI Group. Therefore, it can be concluded that the multimedia CAI 
software used in the present study has the desired features to be an effective 
instructional tool for teaching Physical Science at secondary school level in India. 
This software in TCCAI and SCCAI approaches provides students with different 
opportunities to engage in science learning. 
The results concerning the combined and individual effects of CAI 
environment subscales on attitude towards Physical Science showed that CAI 
environment subscales significantly predicted the attitude towards Physical Science 
for students in the TCCAI and SCCAI groups respectively. Out of the three CAI 
environment subscales, only cognitive subscale significantly predicted the attitude 
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towards Physical Science for students in the TCCAI Group, and only emotional 
subscale significantly predicted the attitude towards Physical Science for students in 
the SCCAI Group. The results concerning the combined and individual effects of ("Al 
environment subscales on achievement in Physical Science showed that (Al 
environment subscales significantly predicted the achievement in Physical Science for 
students in the TCCAI and SCCAI groups respectively. Out of the three C Al 
environmental subscales, only two subscales, namely, cognitive and interaction 
subscales significantly predicted the achievement in Physical Science for students in 
the TCCAI Group. Only two subscales, namely, cognitive and emotional subscales 
significantly predicted the achievement in Physical Science for students in the SCCAI 
Group. Therefore, it can be concluded that the learning environment created for tiie 
TCCAI and SCCAI groups by making use of muhimedia software is conducive for 
the teaching-learning process of Physical Science and satisfies the learning needs of 
students of each group to a large extent as indicated by their enhanced improvemeni 
in attitudes and achievement. 
Educational Implications 
Since both TCCAI and SCCAI promoted more positive attitudes toward 
Physical Science and also led to better achievement, therefore it is suggested that the 
instructors should use CAI for teaching science. For creating CAI learning 
environment, the instructors should be familiar with various formats or approaches of 
CAI (namely, TCCAI and SCCAI) and well-trained in using them appropriately, as 
per the available facilities in schools. If well-equipped computer labs are available ir 
schools, then the instructors should use SCCAI approach; otherwise they would go for 
TCCAI approach. Before implementing SCCAI, the students should be given training 
on how to work on the CAI software and how to complete it by following the 
guidelines properly. 
The findings suggested that appropriately-designed CAI can be an effective 
instructional tool in the classroom milieu. It also shows that the educational 
application of CAI as a learning tool in science classrooms can be efficacious. While 
a myriad of studies have examined the effects of CAI on a number of variables in 
developed countries, no systematic attempts previously have been made in India to 
19 
examine the effects of students' attitude towards CAI and perceptions of CAI learning 
environment on their attitude and achievement in Physical Science. This study 
appears to be the first which involved student perceptions of the CAI learning 
environment in the evaluation of CAI. This study is an attempt to fill this gap and 
hopefully, it will serve as a catalyst for further research into the use of CAI in the 
classroom. 
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"Nothing is constant in the world but change..." 
Heraclitus (540 - 480 B.C.) 
Undoubtedly, the advent of science and technology in general and information 
and communication technologies (ICT) in particular has forever changed our daily 
lives. Great achievements in science and technology and the use of scientific 
inventions and discoveries have been promoting well-being of the mankind through 
their application in the fields of industry, communication, transport, education, 
engineering, agriculture, medicine, etc. This has made science indispensable now. 
Science has, in fact, radically transformed the material environment of the modern 
world. It is liberating and enriching the mind and enlarging the human spirit. Nothing 
comparable to the scientific revolution in its impact on man's development and 
outlook has happened since the beginning of the 20th century. There is no aspect of 
human life today which has not been influenced by science in one way or the other. 
Science has shrunk the world and totally changed the human outlook. Science is 
considered not only as a systematized body of knowledge but also as a way of life; a 
way of examining, thinking, acting, reflecting and evaluating life. If science has to be 
accepted as a way of life, then there is need for its complete spread in civil society. 
Basic knowledge and understandings of phenomenon in the physical and natural 
universe, skills of adjustment into the environment around us, scientific temper, 
appreciation of the values of science for human society and the need for peaceful and 
constructive uses of science in everyday life and for purposes of nation-building 
should become integral to the personality development of individuals. These 
accomplished individuals should function as members of society and citizens ol the 
nation. A love and espousal of facts along with eschewal of prejudices, openness to 
new ideas and fresh thinking, balance and circumspection in arriving at judgments on 
controversial issues, readiness for accepting change should be constituents ol an 
accomplished personality. Development of such qualities is a product of the rigours 
and discipline of science education. A meaningfully organized science education in 
schools will facilitate the accomplishment of these qualities in its products, the 
outgoing students. This process will act as catalysis in the process of modernization in 
society. 
Science, as a subject, has two very important virtues distinctive to it. The 
study of science involves training in 'scientific method' and develops 'scientific 
altitude' in learners. Along with this, science cultivates disciplinary qualities of mind 
such as systematic observation, persistence, patience, concentration of mind, logical 
thinking, objective and unbiased judgments, respect for truth, etc., which are essential 
for further exploration and scientific advancements. These qualities can be cultivated 
only through science subjects, which can qualify the learners to live as truly efficient 
citizens in a science-guided society. A well-planned science education programme 
can be a fruitful effort in developing the desired attitudes and shaping the scientific 
outlook. Recognizing the importance of science and science educafion, Nehru (1946) 
opined that 'it is science education alone that can solve the problems like hunger and 
poverty, insanitation and illiteracy, superstitions, vast resource wastage of a rich 
country like India inhabited by starving people. Even more than the present, the 
future belongs to science'. The societies of the twenty-first century will, quite clearly 
continue to be shaped by science education; also, science education is indispensable 
in helping the societies from where they are now to where they aspire to be in the next 
century. Therefore, the proper and responsible use of science education is an urgent 
need of all societies especially in a developing country like India, in order to achieve 
the twin goals of development and improved quality of life. 
The rapid advancement of science and technology and increasing need for 
scientific application have made it all the more important to provide for science 
education in schools. Even the Secondary Education Commission (1952-53), had 
recommended that every Secondary School pupil should study General Science as a 
compulsory subject, so that he/she gains a basic quantum of scientific knowledge as a 
part of his/her general education. In addition, provision should be made for elective 
subjects in science for those students who want to pursue higher study. Further, the 
42"'' amendment to the Indian Constitution adopted in 1976 included several 
fundamental duties of a citizen. One of the ftmdamental duties of a citizen is to 
develop 'scientific temper', and the schools are expected to develop scientific temper 
among the students. This also justifies the inclusion and need of science as a subject 
in school education. In view of the manifold values of science, especially the 
utilitarian value, which are indispensable for the efficient discharge of responsibilities 
of a good citizen in an age of science, it has been elevated to the status c^ f a 
compulsory subject at all stages of schooling. With the introduction of compulsory 
and free education for all, science has been assigned an important place in the 
curriculum and has been made one of the compulsory subjects till the secondary stage 
(class X) to make all students realize the need of science for society. At secondary 
stage, science is one of the core subjects. As a whole, science education in secondary 
schools has been fashioned to perform three-dimensional functions, viz. (1) as an 
integral part of general education; (2) as a preparatory course to college science; and 
(3) as preparation for vocation. 
Since living in the present world invariably warrants, to variable degrees, 
knowledge of simple scientific facts and laws, science has become 'everyday Science" 
for everybody. Teaching of everyday science for everybody has become an integral 
part of general education. The science teacher should teach science in such a way that 
the pupils realize varied social functions of science, think, act, and contribute to the 
welfare of the future world. They should appreciate science as a part of modern living 
and that science should always be used only for the benefits of the society and not tor 
selfish needs. In this context, future education - science education in particular - will 
undergo changes that one needs to envision. Science education that is offered to the 
students of the twenty first century should be properly designed and executed to 
visualize and achieve the aims and objectives of teaching science extended to the 
future context. The aim of the whole course extending from the elementary level to 
the post-graduate level should be to enable the student to acquire scientific 
knowledge, and in addition, come to possess some understanding of the methodology 
of science and further, in the very process of acquiring this understanding, the student 
should be enabled to develop scientific attitude. The terminal goal of the entire 
science education programme should be to enable the student to emerge not only as a 
science expert but also a young scientist imbibed with scientific spirit and mentality 
necessary to solve the problems of the surrounding environment (Srinivasan, 1987) 
In addition to this, other ultimate aims of teaching science that are more emphasized 
in the future context would be: the new science education programmes should enable 
the pupils to understand the whole world better factually - especially the world as it 
affects them concretely and to help pupils investigate ways of increasing the range 
and depth of understanding natural processes and to relate this understanding to the 
many puzzling complexities of industrial society. Keeping these aims in view, science 
education should offer varied direct and purposeful learning experiences through 
which students can identify the problems and they also find solutions to them through 
scientific method (Vaidya, 1996). Incidentally, accidentally and intentionally, the 
contribution of this type of constructive science education strengthens the national 
economy, creates new resources, accelerates vast employment and attempts to build 
global outlook on problems which affect human society. Perhaps this type of futuristic 
science education eventually changes pupil's behaviour and his/her idea of his/her 
role in the world, so that tomorrow's citizens grow with inquiring minds and creative 
spirits ready to face the challenges of the 21^' century. 
In order to prepare future citizens for the 21^' century, science education in 
India has undergone through a number of changes but still has been an enterprise of 
unresolved dichotomies and contradictions for the last many decades. For almost three 
decades now, science is a compulsory subject up to Class X throughout the country, 
yet this universal science education continues to be largely irrelevant to most students 
and its quality unacceptably poor. The over-all conceptualization of science 
curriculum at the national level has matured steadily and kept pace with evolving 
contemporary trends in science education the world over; yet this has hardly 
translated into any significant improvement in the actual teaching of science. There 
have been notable innovative efforts by several NGOs and other institutions, 
sometimes in collaboration with central and state agencies, yet these efforts have not 
qualitatively improved the mainstream science education. For an overwhelming 
majority of students, science is just another demanding and difficuU subject to be 
learnt by rote, with no meaningful learning outcomes whatsoever, yet a small minority 
of students do come out of the system with outstanding competence in science 
comparable to international standards. Looking at the complex scenario of science 
education in India, three issues stand out unmistakably. First, science education is still 
far from achieving the goal of equity enshrined in our constitution. Second, science 
education in India, even at its best, develops competence but does not encourage 
inventiveness and creativity. Third, the overpowering examination system is basic to 
most, if not all, the fundamental problems of science education in India (NCERT, 
2006). 
The reasons for such a situation as mentioned above are obvious. Science 
teaching in Indian classroom contexts is in a very bad shape. Students are successfully 
passing their examinations, without absorbing knowledge about the nature of 
scientific enterprise. Teachers fail to build quality into their science teaching It is 
mainly due to the fact that the methods of teaching employed by the teacher are less 
effective which emphasize more on 'product' aspect of science rather than 'process' 
aspect (Vaidya, 1996). The present-day state of affairs in science education and 
science teaching in India are not upto the mark. Science teaching has been and is still 
oral in character. Demonstration lessons are occasionally interspersed. There is \ ery 
little of practical work up to the tenth class. At the higher stages, a prescribed list of 
experiments is mechanically followed by the teacher in the laboratory, which is 
mostly in the nature of verifying knowledge, or working according to set the rules 
which are made explicit before introducing the real experiment to students. The 
element of investigation, training in the use and practice of the scientific method and 
even mastery of the research operations (the discovery approach to learning) are 
conspicuous by their absence, even at those places where laboratory facilities and 
equipments are generous. The aims and objectives of science education at various 
levels, when spelt out in detail, look grand on paper and most of them vapourize 
during execution. Science teaching is based strictly on the prescribed textbooks. Both 
students and teachers follow them strictly. Methods employed for science teaching are 
dull; teacher-centered and lack objectivity (Vaidya, 1996), It is for these reasons that 
science teaching is not considered to be related to the immediate environment at all. 
Consequently, training in scientific method, problem solving, creative thinking, and 
the development of scientific skills, interests, attitudes and appreciation remain in an 
utter state of neglect. 
Another commonly cited defect of science teaching is that it is almost totally 
information-based. This makes science education at the lower levels very drab and a 
matter-of-fact business which often bores students. At the higher levels it runs 
through the risk of becoming out of date before the student reaches maturity and takes 
up any scientific work on his own. The science classroom appears to be a place where 
children make little use of their talents and tools because the methods of teaching in 
vogue are not only mechanical in nature but also devoid of constructive imagination. 
Even though, science teaching, at all levels has changed radically, in both content and 
form in the wake of the recent scientific revolution, science teachers from their 
unexamined day-to-day classroom teaching have formed firm opinions about their 
wards which is too difficult to change or eradicate. In spite of many major 
developments in the pedagogy of science which include multi-media approach, mass 
communication instruction, individualized instruction, group-learning, team teaching 
many versions of scientific method such as inquiry approach, problem solving 
method, brain storming method, heuristic method, inductive method, etc, teachers in 
India, are employing fixed ways of teaching science in classroom. Even though a 
number of methods are evolved over a period of time, only some of them were rarely 
practised at schools and very few of them have been employed by teachers for science 
teaching on a large scale. This is true especially in the Indian context where schools 
and classrooms lack infrastructure and physical resources required for modem, 
technical and scientific approaches of science teaching, overloaded syllabus with less 
span of academic schedule and lack of initiation, motivation, exposure and innovative 
attitude among science teachers. The commonly used methods by teachers for science 
teaching are lecture method, discussion method, lecturer-cum-demonstration method, 
question-answer method and assignment method. Methods such as project method, 
laboratory method, and heuristic methods are used occasionally in schools with 
required facilities. These methods employed by the teachers are associated with 
teaching aids such as models, charts, specimens, objects and audio-visual aids. Other 
methods and approaches.such as programmed instruction, heuristic approach, model 
approach, etc. are very rarely used and, by and large, restricted to experimental tryout 
or used for demonstration and research purposes. 
Moreover, the concepts of Physical Science course are mostly abstract, and 
this makes the information hard to grasp and the course quite boring and difficult for 
the students. Thus, students can have problems in assigning meaning to information, 
understanding the content as a whole, locating new information in their schema and 
transforming this information to knowledge. For any qualitative change from the 
present situation, the Indian Educational System in general and science education in 
particular must undergo a paradigm shift. In this regard, we may remember \\hat 
Charles Darwin said, "It's not the strongest of the species who survive, nor the most 
intelligent, but the ones most responsive to change." This calls for new attempts and 
needs in terms of the teaching-learning processes. Among these new attempts is the 
use of computers in instructional endeavours as they are considered as effective 
communication and individualized learning tools. Computers can be used on their 
own or along with other instructional tools to ameliorate learning practices (Akgun. 
2000). Parallel to the development of these devices, which represents the most 
important components of the information and communication technologies, science 
education in general and Physical Science instruction in particular do make use of 
such tools to improve learning practices. In order to remove the barriers stemming 
from the abundance of abstract concepts in Physical Science and sustain higher le% els 
of learning experiences, computer assisted instruction (CAI) can be considered as a 
fruitful endeavour to integrate science and technology and improve the quality of 
learning experiences (Venice, 2003). As indicated in several resources (Cotton, 1991; 
§enturk 2005; Usun,2000), CAI allows learners to progress at their own pace, control 
their learning, participate in the learning endeavours more willingly, learn mcire 
effectively, get a richer variety of instructional materials, keep track of the learnmg 
experiences, get direct answers for their unique questions, get instant feedback 
regarding their strengths and weaknesses, conduct experiments which are hard to 
realize in real-life, and learn at a shorter time in a systematic way. Computers are 
usually more enjoyable and always more patient than classroom teachers. They never 
forget to give feedback, never get tired or angry, never provide face-threatening 
feedbacks, and never behave according to students' ethnic or cultural backgrounds. 
They provide the feedback fast, offer a large variety of instructional tools and 
examples, think faster than human beings, approach students more objectively, 
address different senses, and realize drudgery work more effectively. 
Most of the history of computer technology in education can be told in two 
periods: before and after the introduction of microcomputers in the late 1970s 
(Niemiec & Walberg, 1985; Roblyer, 1992). In 1994, yet another technological 
development, the World Wide Web, transformed educational technology. This 
development marked the beginning of the third and current era of computers in 
education. 
Pre-microcomputer Era: This era began in the early 1950s. Although this era's 
computer resources were very different from those of today, both computer 
companies and educators learned much at this time about the role of technology was 
destined to play in education. IBM was a pioneer in this field, producing the first 
instructional mainframe with multimedia learning stations, the IBM 1500. By the time 
IBM discontinued it in 1975, some 25 universities were using this system to develop 
CAI materials. The most prominent of these was led by Stanford University professor 
and "Grandfather of CAI" Patrick Suppes, who developed the Coursewriter language 
to create reading and mathematics drill-and-practice lessons. Other similar company-
and university-led instructional initiatives ensued; Suppes founded the Computer 
Curriculum Corporation (CCC); the Digital Equipment Corporation created the first 
instructional minicomputer; and the Control Data Corporation (CDC) created the 
Programme Logic for Automatic Teaching Operations (PLATO) system and the Tutor 
CAI authoring language. For about 15 years, these mainframe and microcomputer 
CAI systems dominated the field. Universities also developed instructional 
applications for use on these systems. Among these were Brigham Young 
University's Time-shared Interactive Computer-Controlled Information Television 
(TICCIT) system and computer managed instruction (CMI) systems based on mastery 
learning models, such as the American Institutes for Research's Program for Learning 
in Accordance with Needs (PLAN) and Pittsburgh's individually prescribed 
instruction (IPI). However, these systems were both expensive to buy and complex to 
operate and maintain. By the late 1970s, it was apparent that teachers disliked the 
control of CAI/CMI applications and began to reject the idea that computers would 
revolutionize instruction (Roblyer, 2006). 
Microcomputer Era: The entire picture changed in the late 1970s with the invention 
of small, stand-alone desktop microcomputers, which wrested control of educational 
computers from companies, universiUes, and school districts and placed them in the 
hands of teachers and schools. Several different initiatives emerged to shape this new 
teacher-centered control and a software publishing movement that catered to 
educators quickly sprang up. With National Science Foundation funding, the 
Minnesota Educational Computing Consortium (MECC) become the single largest 
microcomputer software provider, and a multitude of other companies soon followed. 
To offer advice on how to select quality products, organizations emerged to reMCw 
software (e.g.. Northwest Regional Education Laboratory's MicroSIFT Project, the 
Educational Products Information Exchange or EPIE), and professional organizations, 
journals, magazines all began to publish software reviews. As teachers clamored for 
more input into courseware design, companies created authoring languages (e.g.. 
PILOT, superPILOT) and menu-based authoring systems (e.g., GENIS, PASS), but 
teacher authoring soon proved too time consuming, and interest faded. As schools 
search for a way to make CAI more cost effective, school districts began to purchase 
networked integrated learning systems (ILSs) with pre-developed curriculum to help 
teachers address required standards. Control of computer resources moved once again 
to central servers controlled by school district offices. Also, at this time, products and 
research based on the Logo programming language became the focus of the field as a 
result of Seymour Papert's work (1987). The Logo view of technology - that the 
computers should be used as an aid to teach problem-solving - began to replace 
traditional instructional computer uses (e.g., drills, tutorials) as the best use of 
technology. Yet despite its popularity and research showing it could be useful in some 
contexts, researchers could capture no impact from Logo use on mathematics or other 
curriculum skills, and interest in Logo, too, waned by the beginning of the 1990s 
(Roblyer, 2006). 
Internet Era: Just as teachers seemed to be losing interest once again in technology's 
potential for instruction, the first browser software (Mosaic) transformed a formerly 
text-based Internet into a combination of text and graphics. By the last part of the 
1990s, teachers and students joined the throng of users on the "Information 
Superhighway." By the beginning of 2000s, email, online (i.e., web-based) 
multimedia, and videoconferencing became standard tools of Internet users, and 
portable devices made Internet access ubiquitous. The ease of access to online 
resources and communication drove a dramatic increase in distance learning 
offerings, first in higher education, then in K-12 schools. As interest in technology in 
education began to expand once more, the International Society for Technology in 
Education (ISTE) developed National Educational Technology Standards (NETS) for 
administrators, teachers, and students (Roblyer, 2006). 
1.1 Background of the Study 
A few earlier researchers had compared the effectiveness of CAI with 
traditional instruction in different curricular areas. Their findings, though not 
conclusive, indicate that CAI activities are most effective in the areas of science and 
foreign languages, followed, in descending order of effectiveness, by activities in 
mathematics, reading, language arts, and English as a Second Language (Capper & 
Copple, 1985; Kulik, Kulik, & Bangert-Drowns, 1985, Roblyer, Castine, & King, 
1988; Rodriguez & Rodriguez, 1986). Similarly, a number of research studies have 
been conducted, in the last two decades, to compare the effects of computer assisted 
instruction (CAI) and traditional instruction (TI) on student achievement in a variety 
of disciplines and at different levels. However, these studies have produced mixed 
resuhs. Some studies (Fante, 1995; Rutherford & Lloyd, 2001; Tsai et al., 2004) 
suggest that CAI is more effective than TI with respect to student achievement, 
whereas other studies (Adams & Kandt, 1991) claim that CAI and TI are equally 
effective. Furthermore, a few studies (May, 1995; Watkins, 1996) suggest that CAI is 
less effective than TI with respect to student achievement. 
In developed countries, where computers became available in schools several 
decades earlier than in India, a large number of meta-analyses have been undertaken 
to study the efficacy of CAI in terms of different outcomes. To consolidate findings 
from three decades of CAI studies, some researchers (Bayraktar, 2001; Blok, 
Oostdam & Otter, 2002; Christmann & Badgett, 2003; Christmann, Badgett & 
Lucking, 1997; Fletcher-Flinn & Gravatt, 1995; Hsu, 2003; Khalili & Shashaani, 
1994; Kulik & Kulik, 1991; Lee, 1999; Liao, 1992; Niemiec & Walberg, 1985; Soe, 
Koki & Chang, 2000; Wise, 1988; Yaakub & Finch, 2001; Yuen-Kuang, 1998) 
conducted meta-analyses. Kulik and his associates have reported several studies 
focused on the effectiveness of computer based education in elementary and 
secondary schools, colleges and adult education (Kulik & Kulik, 1986; Kulik & 
Kulik, 1991; Kulik, Kulik & Schwalb, 1986; Kulik, Kulik & Bangert-Drowns, 1985; 
Kulik, Kulik & Cohen, 1980). In these studies, positive outcomes were found on 
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students in favour of computer assisted instruction. Although several meta-analyses 
(Fletcher-Flinn & Gravatt, 1995; Kulik & Kulik, 1991; Liao, 1992; Niemiec & 
Walberg, 1985) focused on the effectiveness of computers in general, only tliree 
studies (Bayraktar, 2001; Christmann & Badgett, 2003; Wise, 1988) focused 
exclusively on science education. Wise included 26 studies reflecting the situation of 
computer-based instruction prior to 1988. However, in that study, nearly half of the 
effect size measures came from studies investigating the effects of computer 
applications other than CAI. In a more recent meta-analysis, Christmann & Badgett 
(2003) synthesized the results of 11 studies comprising of CAI in the areas of physics, 
chemistry, biology, and general science, and concluded that CAI is most effect i\e in 
general science, followed by physics, chemistry, and biology. Bayraktar (2001) 
carried out a meta-analysis to investigate the effectiveness of CAI on student 
achievement in secondary and college science education as compared to traditional 
instruction. The results indicated a small positive effect for CAI use in science and 
revealed that computers are more effective when used in simulation or tutorial modes; 
CAI is more effective when computers were used individually, and when it s used as a 
supplement to traditional instruction rather than as a substitute; and experimenter- or 
teacher-developed CAI programs were more effective than commercial software 
programs. 
A sunmiary of the analysis of 59 research reports by Cotton (1991) that documents 
some relationships between computer-based learning and student outcomes provides 
an excellent overview of studies in the area of CAI. Cotton summarized the findings 
of 28 research studies, 22 reviews, and 9 meta-analyses of research studies. The 
outcome areas examined included: academic achievement in general (30), in 
mathematics (13), in language arts (8), in reading (3), in science (2), in problem-
solving skills (2), and in health and social studies (1 each). The general findings that 
emerged from this analysis are: the use of CAI as a supplement to conventional 
instruction produces higher achievement than the use of conventional instruction 
alone; research is inconclusive regarding the comparative effectiveness of 
conventional instruction alone and CAI alone; Computer-based education (CAI and 
other computer applications) produce higher achievement than conventional 
instruction alone; students learn material faster with CAI than with conventional 
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instruction alone; and students retain what they have learned better with CAI than 
with conventional instruction alone. Similar generalizations were drawn by Fouts 
(2000) in his study, which included the use of computer as tutor and surrogate teacher. 
He points out that this line of research has produced hundreds of studies over the past 
several decades. While there are methodological problems with much of the research, 
there is some degree of general concurrence as follows: when combined with 
traditional instruction, the use of computers can increase student learning in the 
traditional curriculum and basic skills area; the integration of computers with 
traditional instruction produces higher academic achievement in a number of subject 
areas than does traditional instruction alone; and students learn more quickly and with 
greater retention when learning with the aid of computers. 
Much of the research that examines the effects of CAI and other 
microcomputer applications on student learning outcomes investigates effects upon 
student attitudes. This line of inquiry has brought most researchers to the conclusion 
that the use of CAI leads to more positive student attitudes than the use of 
conventional instruction. This general finding has emerged from studies of the effects 
of CAI on student attitudes toward computers and the use of computers in education 
(Batey, 1986; Ehman 8c Glen, 1987; Kulik, 1985; Roblyer, 1988); course 
content/subject matter (Batey, 1986; Braun, 1990; Dalton & Hannafin, 1988; Ehman 
& Glen, 1987; Hounshell & Hill, 1989; Roblyer, et al., 1988; Rodriguez & Rodriguez 
1986); and quality of instruction (Kulik & Kulik, 1987; Rupe, 1986). Many studies 
have developed and defined constructs around students' attitudes toward science 
when computers were introduced to the science classroom. For instance, the 
constructs are achievement in science (Ma, 1997; Ma & Xu, 2004), confidence 
oneself toward science (Hannafin, 2004; Smeets, 2005), teaching styles (Barton, 
2000; Ruthven, Hennessy, & Deaney, 2005; Smeets, 2005), motivafion (Edelson, 
2001;' Jeon, 1994), engagement in science activities (Bulter, MacGregor, 2003; 
Bazler, Spokane, Ballard & Fugate, 1993; Williams et al., 2003). Achievement in a 
subject is the most important factor in one's attitudes toward the subject (Ma, 1997; 
Ma & Xu, 2004). Following the constructivist perspectives, some, programs focus on 
conceptual understanding, so they provide specific domain knowledge (Hsu & 
Thomas, 2002; Lirm, 1992; White & Fredrikson, 1998), and visualization of abstract 
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concepts or principles (Clark & Jorde, 2004; Noh, Cha, Kim, & Choi, 1998; Winn, 
2003). Visualization and animations provided by CAI programs and the Internet 
resources led to the enhancement of students' conceptual understanding, and they 
were more effective than text or diagrams in promoting knowledge integration and 
enhancing students' attitudes and interests (Bell & Linn, 2000; Davis & Linn. 2000; 
Clark & Jorde, 2004; Sadler, Gould, Brecher & Hoffman, 2000). Clark and .lorde 
(2004) designed the thermodynamics class with visual discrepant events to reach the 
conceptual reorganization of students. During the post-interview all students of the 
experimental group demonstrated the positive impact of the visualized tactile model. 
The flexibility of CAI programs also brought self confidence in science and it 
plays an important role in changing attitudes (Harmafm, 2004; Smeets, 2005). CAI 
programs easily provide additional materials for the learners, which may be accessed 
by both required lower and higher achievement students. The students can receive 
feedback as to performance and appropriate paths to follow as well as choosing a 
particular degree of difficulty and choosing the amount of problem practice required. 
In the learner controlled learning environment (Harmafin, 2004), learners have more 
responsibility for their learning than in instructor controlled environments. In 
addition, positive self concept was led toward science; therefore, students' learning 
attitudes change positively. When an instructor changed his/her teaching styles Irom 
lecture-based to collaborative grouping using delivered teaching resources and 
discussion mediated with ICT, students responded positively to the classes (Banon, 
2000; Ruthven et al., 2005; Smeets, 2005). Teachers reconstructed class activities and 
focused on what students would do in the classes utilizing ICT rather than what the 
teachers would teach. Teachers as facilitators provided diverse learning activities and 
resources through the use of ICT (Barton, 2000), and encouraged collaborative 
activities with others and computer programs (Ruthven et al., 2005). Smeets (2005) 
investigated the relation between teaching style and student attitude changes from the 
teachers' perspective. He conducted a survey with teachers (N=328) who used C Al 
programs in their classes and the reported results demonstrated that 98% (N=328) of 
teachers answered that CAI programs stimulated their students to work autonomously 
and to encourage engagement in class. The strength of learning activities with 
technology was seen as helping to stimulate students' interest, engagement in and 
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positive attitudes toward the lessons. Similarly, Cotton (1991) concluded that the use 
of CAI leads to more positive attitudes toward computers, course content, and quality 
of instruction. Fouts (2000) also pointed out that students like learning with 
computers, and their attitudes toward learning and school are positively affected by 
computer use. 
In introducing computer-assisted instruction tools as a method of teaching in 
schools, it becomes important to know how willing the students are to accept 
instruction using technology and investigate what attitudes students have regarding 
computer-assisted learning. Spain and Allen (1990) reported that offering 
supplementary computerized instruction in a freshman chemistry course received 
strong support from students. Skinner (1988) determined the attitudes of college 
students toward working with CAI in a personalized instruction course. Student 
responses indicated a positive rating of the instructional effectiveness and 
appropriateness of CAI. Meta-analysis by Wise and Okey (1983) indicated that 
students who used computers obtained significantly higher course averages, improved 
performance, and positive attitudes toward the use of computers in their coursework. 
These findings point to the obvious fact that the outcome of CAI depends critically on 
the quality of the courseware used to deliver the instruction. According to Ruffin 
(2000), students' positive attitude toward CAI plays a key role in the success of CAI 
implementation. He investigated the relationship between demographic variables and 
student attitudes toward computer-aided instruction and concluded that attitude 
towards computers, average daily exposure to computers and computer-literacy 
courses were the significant variables that influence the attitude towards CAI. Another 
study which was conducted by Vale (2001) also supported Ruffin's results. The 
results of Vale's study indicated that the length of time using computer in 
mathematics and the nature of the learning environment were two factors that impact 
the students' attitude towards computer-based mathematics. Most researchers have 
concentrated on "attitude toward computers" as a demographic variable in CAI 
related studies. For example, Kulik and Kulik conducted a meta-analysis study in 
1991 to investigate the relationship between computer-based instruction (CBI) and 
students' achievement and attitudes. Results showed that CBI usually produced 
positive effects on learners of all ages, from children to aduhs (Kulik & Kulik, 1991). 
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The authors also added that CBI produced small but positive changes in student 
attitudes toward teaching and computers. 
The effective exploitation of CAI and successful achievement of the intended 
goals rely heavily on the students' perceptions of learning environment created by 
using CAI. Bliss (1991) found that a majority of students learned better with a 
computer in a science and technology course and it was more interesting for them to 
learn using a computer. Similar results were reported by a number of researchers 
(Hasselbring, 1986; Lazarowitz & Huppert, 1993; Ross & Casey, 1994). According to 
a number of researchers and science educators, interactivity is the primary reason that 
computers are the dominant tools in education today; the development of CD-ROM 
technology for the computer has enabled students to be actively involved m the 
learning process (Lazarowdtz & Huppert, 1993; Matray, 1996); computer technology 
would help teachers provide students with effective opportunities to learn both 
science content and processes (Weller, 1996); and computer programs provide 
teachers with additional tools to stimulate students and bring about enthusiasm for the 
subject (Sipress, 1995). Thus, CAI seems to help in achieving the goals of providing a 
positive and stimulating learning environment. The learning environment has a big 
influence on student outcomes and plays an important role in improving the efficiency 
of learning. Studies consistently have shown evidence of relations between student 
perceptions of their classroom learning envirormient and their cognitive and affective 
outcomes (Chionh & Fraser, 1998; Fraser, 1994; Henderson, Fisher, & Fraser, 1995; 
Hunus & Fraser, 1997; Margianti, Fraser & Aldridge, 2001; Myint & Goh, 2001; 
Roth, 1998). Students learn better when they perceive their classroom environment 
positively (Chionh & Fraser, 1998). There is a positive relation between perceptions 
of learning envirormient and atthudinal outcomes and thus, classroom learning 
environment is considered as the strongest predictor of attitude toward science m all 
grades (Hunus & Fraser, 1997; Myint & Goh, 2001; Rawnsley & Fisher, 1998; Talton 
& Simpson, 1987). 
There are few studies of the use of CAI in science teaching at the secondary 
school level in India. According to Buch's survey (1991) published by NCERT 
(National Council of Educational Research and Training), computers and computer-
based learning systems are gaining ground all over our country, and researchers must 
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attempt to assess the facilitative effect of these specialized learning strategies in terms 
of learning outcomes, learning time and attitudes. However, in a review of India-
based research between the years 1988-92 (NCERT, 1997, p. 426), it is interesting to 
note that CAI could lure only three researchers. Research studies on CAI in India 
conducted by Avinashlingam in 1993 and Shailaja in 1986 proved CAI to be more 
effective than traditional methods of science teaching in terms of achievement and 
improvement in science knowledge. In 1991, Jeyamani (NCERT, 1997, p. 426), who 
developed a computer assisted instructional package in physics, also found that the 
experimental group performed significantly better on the post-test, but no significant 
differences were found in terms of sex and medium of instruction. Many more studies 
have been undertaken in India on CAI since 1997; some of which are reported in 
chapter 2, but the findings of the remaining ones are not available as yet. 
1.2 Justification of the Study 
Three recent survey reports present a dismal picture of the quality of science 
education in India. According to Annual Status of Education Report (ASER, 2011), 
an exhaustive survey spread over the length and breadth of rural India involving more 
than 14000 villages, not only are India's learning levels very poor on an international 
absolute scale, the levels in government schools have steadily declined with few 
exceptions. Quality Education Study (QES) report (2012), conducted by the Wipro's 
education initiative, corroborates this depressing state of affairs in the quality of 
science education in India even further. According to QES report, there is a 5-10% 
drop in learning levels in the last few years in Maths and Sciences. This is particularly 
disturbing as the task of improving the learning levels becomes more daunting as we 
have to first find ways to arrest this decline in the learning levels. Further, the QES 
study, which assessed 23,000 students, 790 teachers and 54 principals of 89 English-
medium private primary and secondary schools in the metropolitan cities of India , 
concludes that even the top schools of our country exhibit rote learning and perform 
much below the international average. Another international survey. Programme for 
International Students Assessment (PISA, 2011), conducted by the Australian Council 
for Educational Research, shows that among 74 countries-including the US, UK, 
Canada, China, South Korea etc., Indian students are ranked at 73rd position with 
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only Kyrgyzstan performing worse. Another problem in India is the growing 
unemployment of science literates. The India Science Report (2005) found that of the 
total educated population, as we move towards higher education, the share of 
unemployed science literates increases significantly. For instance, of the 
postgraduates who are unemployed, about 63% have studied science. This is also true 
in the case of science diploma holders; 53% unemployed belong to the science streiim. 
While these surveys may not be encouraging, these are essential as only then do we 
understand as to what is ailing our education system and devise ways and means to 
challenge and encourage students in the various branches of science. This is 
particularly important as India aspires to become a knowledge-based economy and in 
that context it is vital to see as to how our future scientific labour force is being 
groomed and motivated (Malik, 2012). Therefore, systematic approaches (such as 
experiments and pilot studies) should be employed in order to promote integration of 
the computer into instruction and the curriculum in general. 
The most recent science curriculum standards in India emphasize the use of 
computers in assisting science teaching and learning in the classrooms. For instance, 
the National Focus Group of the National Council of Educational Research and 
Training (2006, p. 27) points out that, "Although the vast potential of ICT in the field 
of science education has been well recognized, it still remains largely untapped 1 he 
efforts have been piecemeal and sporadic." They further add that though ICT shows 
renewed promise today, "there is the need to make available quality software in 
different disciplines of science" and "appropriate multimedia software-both in English 
and other languages-suited for various age groups in schools is still a rare 
commodity." According to National Policy on ICT in school education (2012), there 
is an urgent need to develop and deploy a large variety of applications, software tools, 
media and interactive devices in order to promote creative, aesthetic, analytical, and 
problem solving abilities and sensitivities in students and teachers. It recommends that 
a programme of ICT literacy will be implemented across all secondary schools in the 
States, both government and private within the XII plan period, and a model 
Curriculum for ICT in Education (CICT) will be developed at National Level and 
States will be encouraged to adopt/adapt it. 
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Even with widespread optimism about the usage of CAI in the science 
classroom, confounding research findings on the comparative effectiveness of CAI 
versus traditional instruction are present in the science education literature. Some 
research found that CAI was effective in improving students' science achievement or 
their attitudes toward science (Chang, 2001a, 2001b, 2002; Ferguson & Chapman, 
1993; Levine, 1994; McCoy, 1991; Yalcinalp, Geban, & Ozkan, 1995). On the other 
hand, other researchers have found that the CAI approach has no significant effects on 
cognitive achievement or science learning (Morrell, 1992; Olugbemiro, 1991; 
Wainwright, 1989). The aforementioned mixing research results perhaps stemmed 
from some unknown factors that might have revolved around the CAI treatment and 
students' perceptions of learning environment in the science classes. After reviewing 
meta-analyses and other studies of media's influence on learning, Clark (1983, 1985) 
concluded that there are no learning benefits to be gained from employing any 
specific medium to deliver instruction. He went on to argue that most media or CAI 
comparison research, which compared CAI with conventional instruction or other 
media, has merely suffered from inherently flawed methodologies. He also made the 
claim that media are only the vehicles that deliver instruction but that they do not 
influence student achievement or learning (Clark 1994). In view of that, it might be 
more important and appropriate to investigate the relative effectiveness of different 
computer assisted instructional methods and traditional teaching on students' science 
learning outcomes. Furthermore, while a number of previous studies and meta-
analyses have primarily focused on the comparative efficacy of computer assisted 
instruction versus traditional instruction in the area of science education, there are 
relatively fewer inquiries exploring how various teaching formats or approaches of 
CAI, namely, teacher-centered and student-centered CAI influence students' science 
learning outcomes in the secondary classroom. Unfortunately, in India, there is not 
only a limited number of research studies that had focused primarily on the 
comparative efficacy of CAI versus traditional instruction but also hardly any 
research investigating how different teaching formats of CAI can influence students' 
learning outcomes in the area of Physical Science at secondary school level. 
Therefore, this study was undertaken to compare the effects of traditional teaching, 
teacher-centered and student-centered CAI on secondary school students' attitude and 
achievement in Physical Science with the aim of improving science instruction in the 
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secondary school classrooms of India. In this study, three groups of students were 
taught by traditional teaching, teacher-centered and student-centered CAI respectively 
in order to study the effects of these three instructional methods on their attitude and 
achievement in Physical Science. Furthermore, two latent variables, namely, CAI 
attitude and CAI Environment Attitude were also used as predictors to estimate their 
contribution towards students' attitude and achievement in Physical Science. 
1.3 Statement of the Problem 
"y4 Comparative Study of the Effects of Traditional Teaching and Computer 
Assisted Instruction on Secondary School Students' Attitude and Achievement 
in Physical Science" 
1.4 Purpose of the Study 
The purpose of this study is to evaluate the effectiveness of multimedia C AI 
software for teaching Physical Science to secondary school students and to assess the 
effects of CAI on their attitude and achievement in Physical Science along with their 
attitude towards CAI. Before the researcher can proceed further with the study, n is 
essential to set a goal or an objective. Effective research is undoubtedly a matter of 
aiming in the right direction. Keeping the above purpose in view, the proposed study 
was aimed at achieving the following objectives: 
1. To develop three measuring instruments, namely. Physical Science Attitude 
Scale, Physical Science Achievement test, and Computer Assisted Instruction 
Attitude Scale. 
2. To evaluate the effectiveness of multimedia CAI software for teaching 
Physical Science to secondary school students. 
3. To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the control group. 
4. To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the Teacher-centered CAI (TCCAI) group 
5. To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the Student-centered CAI (SCCAI) group. 
6. To compare the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on attitude 
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towards Physical Science for students in the control group and two 
experimental groups (TCCAI and SCCAI) respectively. 
7. To compare the achievement in Physical Science at pre-test and post-test 
stages respectively for students in the control group. 
8. To compare the achievement in Physical Science at pre-test and post-test 
stages respectively for students in the Teacher-centered CAT (TCCAI) group. 
9. To compare the achievement in Physical Science at pre-test and post-test 
stages respectively for students in the Student-centered CAI (SCCAI) group. 
10. To compare the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on achievement 
in Physical Science for students in the control group and two experimental 
groups respectively. 
11. To examine the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on achievement 
in Physical Science for students in the control group and two experimental 
groups respectively at different levels of the cognitive domain (viz., 
knowledge, comprehension, application, HOTS). 
12. To explore the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on achievement 
in Physical Science for students in the control group and two experimental 
groups respectively in different content areas (Physics and Chemistry) of 
Physical Science. 
13. To study the combined and individual effect of CAI attitude subscales on 
attitude towards Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
14. To study the combined and individual effect of CAI attitude subscales on 
achievement in Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
15. To study the combined and individual effect of CAI environmental subscales 
on attitude towards Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
16. To study the combined and individual effect of CAI environmental subscales 
on achievement in Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
17. To point out the main educational implications of this study. 
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1.5 Research Questions 
Keeping the objectives in view, the following research questions were framed: 
1. Is there any significant difference between the mean pre-test and post-iest 
Physical Science attitude scores for students in the control group? 
2. Is there any significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the TCCAI experimental 
group? 
3. Is there any significant difference between the naean pre-test and post-iest 
Physical Science attitude scores for students in the SCCAI experimental 
group? 
4.1 Is there any significant main effect of instructional method on mean post-test 
Physical Science attitude scores for students in the control, TCCAI. and 
SCCAI groups respectively? 
4.2 Is there any significant main effect of gender on mean post-test Ph)sical 
Science attitude scores for students in the control, TCCAI, and SCCAI groups 
respectively? 
4.3 Is there any s ignif icant interact ion effect of instruct ional 
method and gender on mean post-test Physical Science attitude scores for 
students in the control, TCCAI, and SCCAI groups respectively? 
5. Is there any significant difference between the mean pre-test and post-test 
achievement scores for students in the control group? 
6. Is there any significant difference between the mean pre-test and post-test 
achievement scores for students in the TCCAI group? 
7. Is there any significant difference between the mean pre-test and post-test 
achievement scores for students in the SCCAI group? 
8.1 Is there any significant main effect of instructional method on mean post-test 
achievement scores for students in the control, TCCAI, and SCCAI groups 
respectively? 
8.2 Is there any significant main effect of gender on mean post-test achievement 
scores for students in the control, TCCAI, and SCCAI groups respectively"; 
8.3 Is there any s ignif icant interact ion effect of instruct ionyl 
method and gender on mean post-test achievement scores for students in the 
control, TCCAI, and SCCAI groups respectively? 
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9. Is there any significant difference between the mean post-test scores for 
students in the control, TCCAI, and SCCAI groups respectively, at different 
levels of cognitive domain? 
10. Is there any significant difference between the mean post-test scores for 
students in the control, TCCAI, and SCCAI groups respectively, in 
different content areas of Physical Science? 
11. Do CAI attitude subscales significantly predict the attitude towards Physical 
Science for students in the TCCAI and SCCAI groups respectively? 
12. Do CAI attitude subscales significantly predict the achievement in Physical 
Science for students in the TCCAI and SCCAI groups respectively? 
13. Do CAI environment subscales significantly predict the attitude towards 
Physical Science for students in the TCCAI and SCCAI groups respectively? 
14. Do CAI environment subscales significantly predict the achievement in 
Physical Science for students in the TCCAI and SCCAI groups respectively? 
1.6 Hypotheses of the Study 
Formulation of hypotheses is one of the most important parts of a research 
study since they provide direction to research. The investigator was guided by the 
results of previous researchers in the area of CAI, and investigator's intuitive 
understanding and insight. The following research hypotheses are formulated in null 
form in the light of the above mentioned research questions for empirical verification: 
Hfll: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the control group. 
Ho 2: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the TCCAI group. 
Ho 3: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the SCCAI group. 
Ho 4.1: There is no significant main effect of instructional method on mean post-test 
Physical Science attitude scores for students in the control, TCCAI, and 
SCCAI groups respectively, after controlling for the effect of pre-test as a 
covariate. 
Ho 4.2: There is no significant main effect of gender on mean post-test Physical 
Science attitude scores in the control, TCCAI, and SCCAI groups 
respectively, after controlling for the effect of pre-test as a covariate. 
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Ho 4.3: There is no significant interaction effect of instructional method and gender 
on mean post-test Physical Science attitude scores for students in the conirol, 
TCCAI, and SCCAI groups respectively, after controlling for the effect of pre-
test as a covariate. 
Ho 5: There is no significant difference between the mean pre-test and posi-test 
achievement scores for students in the control group. 
Ho 6: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the TCCAI group. 
Ho 7: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the SCCAI group. 
Ho 8.1: There is no significant main effect of instructional method on mean post-test 
achievement scores for students in the control, TCCAI, and SCCAI groups 
respectively, after controlling for the effect of pre-test as a covariate. 
Ho 8.2: There is no significant main effect of gender on mean post-test achie\'ement 
scores for students in the control, TCCAI, and SCCAI groups respecti\ ely, 
after controlling for the effect of pre-test as a covariate. 
Ho 8.3: There is no significant interaction effect of treatment and gender on mean 
post-test achievement scores for students in the control, TCCAI, and SCCAI 
groups respectively, after controlling for the effect of pre-test as a covariate. 
Ho 9: There is no significant difference between the mean post-test achievement 
scores for students in the control, TCCAI, and SCCAI groups respectively, at 
different levels of cognitive domain, after controlling for the effect of pre-test 
as a covariate. 
Ho 10: There is no significant difference between the mean post-test achievement 
scores for students in the control, TCCAI, and SCCAI groups respectively, in 
different content areas of Physical Science, after controlling for the effect of 
pre-test as a covariate. 
Ho 11: CAI attitude subscales do not significantly predict the attitude towards 
Physical Science for students in the TCCAI and SCCAI groups respectively. 
Ho 12: CAI attitude subscales do not significantly predict the achievement in Physical 
Science for students in the TCCAI and SCCAI groups respectively. 
Ho 13: CAI environment subscales do not significantly predict the attitude tov.ards 
Physical Science for students in the TCCAI and SCCAI groups respectively. 
Ho 14: CAI environmental subscales do not significantly predict the achievement in 
Physical Science for students in the TCCAI and SCCAI groups respectively. 
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1.7 Definition of the Terms 
For the purpose of this study, several terms used need to be defined in a clear 
and non-ambiguous way so as to facilitate the reader's understanding of the study. 
This study will utilize specific terminologies that are described in this section as 
follows: 
1.7.1 Traditional Teaching 
Traditional Teaching or instruction is meant to be a teacher-directed classroom 
lecture based on textbook and involving no computer use. Typically, it involves a 
"chalk and talk" process where the teacher answers questions about the previous 
lesson, introduces and lectures on a new topic and concludes the class lecture by 
assigning homework from the new topic. It involves classes or labs using 
conventional lecture/demonstration instructional methods to teach students (Liao, 
1998). 
Traditional instruction is teacher-centered and lecture-based. Teacher-directed 
and teacher-guided instructional approaches are types of traditional instruction since 
students often take on a passive role in the learning process (Bradley, 1997). Teacher-
directed approach describes the role of the teacher as the primary lecturer 
disseminating information to students. As the 'sage on the stage', the teacher gives 
explicit directions and plans out exactly the course in which instruction will take 
place. Teacher-guided approach describes the role of the teacher as a facilitator or 
mentor during instruction. As the 'guide on the side', the teacher sets clear 
expectations, provides guidance and keeps the learning well-structured and productive 
(McKenzie, 1998). 
Therefore, the investigator's operational definition of traditional teaching is 
the process of transferring information, including written, oral, and visual, by a 
teacher in a classroom setting, using a textbook, traditional teaching methods 
(lecture, demonstration, lecture cum demonstration methods, etc.) and teaching aids 
(charts, models, etc.). 
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1.7.2 Computer Assisted Instruction (CAI) 
Cotton (1991) presented a synthesis of definitions of CAI and represent 
commonly accepted (though certainly not the only) definitions of these terms: 
• Computer-based education (CBE) and computer-based instruction (CBI) 
are the broadest terms and can refer to virtually any kind of computer use in 
educational settings, including drill and practice, tutorials, simulations, 
instructional management, supplementary exercises, programming, database 
development, writing using word processors, and other applications. These 
terms may refer either to stand-alone computer learning activities or to 
computer activities which reinforce material introduced and taught by 
teachers. 
• Computer-managed instruction (CMI) can refer either to the use of 
computers by school staff to organize student data and make instructional 
decisions or to activities in which the computer evaluates students' test 
performance, guides them to appropriate instructional resources, and keeps 
records of their progress. 
• Computer-enriched instruction (CEI) is defined as learning activities in 
which computers (1) generate data at the students' request to illustrate 
relationships in models of social or physical reality, (2) execute programs 
developed by the students, or (3) provide general enrichment in relatively 
unstructured exercises designed to stimulate and motivate students. 
• Computer-assisted instruction (CAI) is a narrower term and most often 
refers to drill-and- practice, tutorial, or simulation activities offered either by 
themselves or as supplements to traditional, teacher-directed instruction. 
CAI has been described in a wide variety of ways in the literature (Robyler, 
2006). Robyler (2006) described CAI as the use of a computer to provide the course 
content in the form of drill, practice, tutorial, and simulations. Mahmood (2004) 
described CAI as a process by which visual information is presented in logical 
sequence to the learner through a computer by which the student learns through 
reading the text presented, or by observing the information displayed. All the 
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definitions of CAI presented concur that the computer plays a role of tutor and 
imparts instruction through different modes of presentations. 
1.73 Types or Modes of CAI 
CAI software can differ in methods and modes, as well as quality. Robyler 
(2006) identified five common software delivery methods: (a) drill-and-practice, (b) 
tutorials, (c) simulations, (d) instructional games, and (e) problem-solving programs. 
Although some programs may have characteristics of more than one of these types, 
educators need to understand the importance of determining which type of software is 
appropriate for each instructional setting. 
1.7.3.1 
Figure 1.1: Modes of CAI 
Drill-and-Practice 
The first method of CAI is drill-and-practice software. This type of software is 
typically used to help students to remember isolated facts and concepts. The purpose 
of drill-and-practice software is to assist the learner in memorizing facts (Kausar, 
Chaudhry, & Gujjar, 2008). Drill-and-practice software is designed to deliver 
individualized practice and serve as a supplement to regular instruction. The program 
presents a question to the learner, the learner responds, and the software then gives 
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feedback regarding whether the answer is correct or incorrect (Robyler, 2006). Most 
drill-and-practice software will accept two incorrect answers, and then provide the 
correct answer so the learner is not stuck on a particular item for a long period of 
time. Drill-and-practice software is one of the easiest types of educational software. 
The curricular applications for drill-and-practice software include any area where 
basic skill mastery is required. Memorization of math facts, grammar practice, and 
foreign language vocabulary practice are examples of appropriate use of this software. 
During drill-and-practice, a reward follows a correct response. 
1.7.3.2 Tutorial 
The second CAI method is tutorial software. Robyler (2006) defined tutorial 
software as a type of instructional software that offers a complete sequence of 
instruction on a given topic. The purpose of tutorial software is to instruct the learner 
(Kausar, Chaudhry, & Gujjar, 2008). This type of software may include guided 
practice, but it is primarily used to assume the role of the teacher (Mahmood, 2004). 
Tutorial software has the following five ftinctions, (a) to assess the learner's skill; (b) 
to present new information; (c) to provide practice; (d) to ask a question; and (e) 
depending on the learner's response, either to remediate by re-teaching, or to progress 
onto the next level. Like drill-and-practice, tutorial software is designed to allow the 
learner to answer every question as he or she moves at his or her own pace while 
providing feedback in private. If a learner already knows some of the material, he or 
she can proceed to new, unfamiliar material. Tutorials can be used in language 
instruction, mathematics, and writing. Most software programs come with built-in 
tutorials that help show the learner how to navigate through the program. 
1.7.3.3 Simulation 
The third CAI method is simulation software. Robyler (2006) defined 
simulation software as a type of software that models a real or imaginary system to 
teach the principles on which the system is based. Its purpose is to provide a likeness 
of a real life situation (Kausar, Chaudhry, & Gujjar, 2008). Simulations have 
historically been used in flight training, driver education, and medical diagnosis 
classes. This type of software presents a situation to the learner. The learner then 
makes choices as the software responds to each choice by taking one of several paths. 
Simulations and games are also among the most frequently used computer 
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applications. Simulation software provides learner with an opportunity to work 
cooperatively, solve problems, and speculate. This type of software is time effective, 
cost-effective, and safer than experiencing the situation firsthand. 
Simulation software can be used in social studies, science, and math. Video 
simulations, which are designed to provide trial and error learning, offer immersive 
environments moving the student from novice understanding toward expert 
understanding within the content domain. Teachers need to let students know what 
standards are being addressed and why the simulation game environment is most 
appropriate for learning those standards. Simulation games employ instructional 
practices that increase motivation such as allowances for individual differences, active 
participation, repeated practice, immediate feedback, realistic contexts, relevant goals, 
and social interaction. 
1.7.3.4 Instructional Games 
The fourth type of CAI mode is instructional games. Robyler (2006) defined 
instructional games as a computer fimction designed to increase motivation by adding 
game rules to a learning activity. Instructional games are frequently used to reinforce 
factual knowledge at the lower levels of the taxonomy (Kausar, Chaudhry, & Gujjar, 
2008). 
1.7.3.5 Problem-Solving 
The fifth type of CAI is problem-solving programs. Robyler (2009) defined 
problem-solving programs as an instructional software function that either teaches 
specific steps for solving certain problems, or helps the student learn general problem-
solving behaviours for a class of problems. Problem solving software is often used for 
cooperative group learning, although it can stimulate competition as well. The learner 
is presented with a problem, he or she then considers various approaches, makes a 
decision and acts, receives feedback, and either refines the attempt or succeeds in 
solving the problem (Kausar, Chaudhry, & Gujjar, 2008; Mahmood, 2004). 
Computer Assisted Instruction has become an all encompassing term, denoting 
computer-oriented instruction at one end of the spectrum and instructional computing 
at the other end. The term 'Computer Assisted Instruction' has been defined in 
different ways. 
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According to 'International Dictionary of Education' (1985), the term 
'Computer Assisted Instruction' may be defined as, "use of a computer to assist in the 
presentation of instructional materials to a student, to monitor learning progress, or to 
select additional instructional material in accordance with the needs of individualized 
learners." 
According to 'Concise Encyclopedia of Special Education' (2004), 'Computer 
Assisted Instruction' refers to educational software that can be run by students with 
little or no teacher assistance. In CAI, the computer presents information, asks 
questions, and verifies responses in much the same way a teacher does, and allows 
students to work at their own levels and paces. 
It is a method of instruction in which the computer is used to instruct the 
student and where the computer contains the content which is designed to teach and 
guide the student (Association for Educational Communications and Technology, 
1997). 
It is defined as any computer based learning application that supplements a 
classroom environment. These applications can be delivered via CD-ROM, the World 
Wide Web, or other electronic resources. Typically, learners interact with the 
computer alone without the assistance of a teacher to answer questions. It is 
operationally defined as "the interaction of a learner with a computer in a direct 
instructional role" (Lockard, Abrams, and Many, 1997). 
Therefore, the investigator's operational definition of Computer Assisted 
Instruction is the use of multimedia CAI software in an educational setting (classroom 
or computer lab) that consists of logically sequenced interactive tutorials, drill and 
practice, and simulation instructional activities. 
1.7.4 Secondary School Students 
Secondary school which serves as a step towards preparation for higher and 
professional education has been described by 'The New International Webster's 
Comprehensive Dictionary of English Language' as: 
"high school or preparatory school beyond the elementary or primary and 
below the college level." 
According to 'Wikipedia\ 
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"secondary school is a term used to describe an educational institution where the final 
stage of compulsory schooling, known as secondary education, takes place. It follows 
on from elementary or primary education." 
According to 'Merriam-Webster's collegiate dictionary' (1993), secondary 
school is the stage where education that follows the typically compulsory, 
comprehensive primary education, is given. It is a school that is intermediate in level 
between elementary school and college and that usually offers general, technical, 
vocational, or college preparatory curricula. 
In India, educational system at school level is classified as: 
Primary school education: Standards I to V 
Middle school education: Standards VI to VIII 
Secondary school education: Standards IX to X 
Senior secondary school education: Standards XI to XII 
Therefore, in this study, those students who are enrolled in class X are 
considered as secondary school students. 
1.7.5 Physical Science 
According to 'Merriam-Webster's collegiate dictionary'' (1993), Physical 
Science is any of the natural sciences (as physics, chemistry, and astronomy) that deal 
primarily with non-living materials. 
According to 'Merriam-Webster's collegiate dictionary' (1993), Physics is a 
branch of Physical Science that deals with matter and energy and their interactions; 
and Chemistry is a branch of Physical Science that deals with the composition, 
structure, and properties of substances and with the transformations that they undergo. 
In India, science is taught as Physical Science (Physics and Chemistry) and 
Biological Science till secondary school level. In this study, Physical Science refers to 
both Physics and Chemistry. 
1.7.6 Attitude 
According to 'International Dictionary of Education', the term 'attitude' may 
be defined as, "predisposition to perceive, feel or behave towards specific objects or 
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certain people in a particular manner." Attitudes are thought to be derived from 
experience rather than innate characteristics, which suggest that they can be modified. 
According to Webster's Third New International Dictionary (1986), attitude is 
(1) a position or bearing as indicating action, feeling, or mood; (2) the feeling or mind 
itself: (3) a behavior representative of feeling or conviction; (4) a disposition that is 
primarily grounded in affect and emotion and is expressive of opinions rather than 
belief; (5) an organism's state of readiness to act that is often accompanied by 
considerable affect and that may be activated by an appropriate stimulus into 
significant or meaningful behavior; (6) a persistent disposition to act either positively 
or negatively toward a person, group, object, situation, or value. 
Le Roux (1994) defined attitude as, "a positive or negative emotional 
relationship with or predisposition toward an object, institution, or person." 
Pointing to yet another definition, Berckler and Wiggins (1991) defined 
attitude as, "enduring non-verbal features of social and physical world, and the} are 
acquired through experience and exert a directive influence on behavior." 
These definitions suggest that attitude can be understood as an emotion that 
has an influence on the behavior of human beings. Attitude affects people in 
everything they do and in fact reflects what they are, and hence a determining factor 
of people's behavior. Ajmen and Fishbein (1977) explained that by understanding an 
individual's attitude towards something, one can predict with high precision the 
individual's overall pattern of behavior to the object. 
Therefore, the investigator's operational definition of attitude is a 
predisposition to respond to a particular object (here, Physical Science and CAI) in a 
generally favourable or unfavourable way derived from a subject's answers to a 
number of questions about it. In the present study, attitude of sampled students will be 
measured in terms of scores obtained on attitude scales constructed by the 
investigator. 
1.7.6.1 Attitude towards Physical Science 
It is an aggregate measure of a liking or disliking of Physical Science, a 
tendency to engage in or avoid activities in Physical Science, a belief that one is good 
or bad at Physical Science, and a belief that Physical Science is useful or useless. 
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Aiken (2000) defined attitude as 'a learned disposition to respond positively or 
negatively to certain objects, situations, institutions, concepts or persons.' Thus a 
student's attitude towards science would be defined by his/her inclination to respond 
to the subject, or a particular aspect of the subject, in a certain predictable manner. 
Based on this definition, enjoyment of science, science anxiety, self-confidence, and 
perceived value of science can all be considered "attitudes". 
In this study, attitude towards Physical Science can be defined by students' 
self-reported responses to items of five subscales, namely, enjoyment, anxiety, 
confidence, career in Science, and importance of Science. 
Attitude towards Physical Science will be measured using attitude scale of 
Likert-type, developed by the investigator. It is administered on control and both 
experimental groups before and after the implementation of CAT. 
1.7.6.2 Attitude towards CAI 
Attitude towards CAI can be considered as a preference along a dimension of 
favourableness or unfavourableness to various aspects of CAI. 
In this study, attitude towards CAI was defined by students' self-reported 
perceptions on five subscales: Content Presentation, Assessment, Individualization, 
Integration, and perceived effectiveness. 
Attitude towards CAI will be measured using attitude scale of Likert-type, 
developed by the investigator. It is administered to only experimental groups after the 
implementation of CAI. 
1.7.7 Achievement in Physical Science 
In the Standards for test construction (APA, 1999) achievement is viewed 
basically as the competence a person has in an area of content. This competence is the 
result of many intellectual and non-intellectual variables. At the experimental level, 
achievement is referred to as acquisition, learning, or knowledge representation, 
sometimes depending on theoretical biases. Achievement is the word preferred in the 
educational or psychometrics fields, being sometimes characterized by the degree of 
inference required on the part of the student to give a response, and by the type of 
reference to a cognitive process made explicit in the measurement tool. Achievement 
32 
refers to level of attainment in any or all science skills, usually estimated by 
performance on a test. Sometimes, it even refers to a person's past learning. 
According to Good (1973), the term 'achievement' may be defined as 
"accomplishment or proficiency of performance in a given skill or bod}' of 
knowledge." 
According to 'Dictionary of Education', academic achievement is defined as 
"knowledge gained or skills developed in the school subjects, usually designated by 
test scores or by marks assigned by teachers, or by both." 
Glaser (1963) defined the measurement of student achievement as ihe 
determination of the characteristics of his performance with respect to specified 
standards. 
It is a broadly used term in this study to indicate performance in Physical 
Science. 'Achievement in Physical Science' is operationally defined as a 
determination of the student's work in science as measured by the achievement test. 
To measure achievement, Pretest-Posttest measure was used. This test was based 
upon the objectives underlying the CAI program that was used to deliver instruction 
to students. This Pretest-Posttest measure consists of 72 multiple-choice questior»s of 
varying levels of cognitive difficulty and is of 72 marks. 
1.7.8 CAI Learning Environment 
The classroom learning environment, sometimes referred to as the educational 
environment or the classroom climate, is the social atmosphere in which learning 
takes place (Johnson, 2004). Fraser (1994) regards these learning environments as the 
social-psychological contexts or determinants of learning. According to Wilson 
(1996), classroom learning environment is a place where learners and teachers interact 
with each other and use a variety of tools and information resources in their pursuit of 
learning activities. While observations of classroom teaching and learning and 
interviews with classroom teachers can provide valuable insights into the classroom 
learning environment, they do not tell the whole story. Students' perceptions ot the 
classroom learning enviroimient are important, should be of interest to classroom 
teachers, and can be fairly easily measured with classroom environment perception 
instruments (Fraser, 2001). 
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Therefore, in this study, perceptions of CAI learning environment can be 
considered as a preference along a dimension of favourableness or unfavourableness 
to various aspects of CAI. 
In this study, perceptions of CAI learning environment were defined by 
students' self-reported perceptions on three subscales of CAI learning environment 
scale developed by Askar, Koksal, and Yavuz (1991).cognitive, emotional, and 
interaction. 
1.8 Significance of the Study 
This study is significant for a number of reasons. Firstly, it documents the 
implementation of CAI that secondary schools of India need in order to keep up with 
the ICT age we have entered. It supports research relating to the Ministry of 
Education guidelines (2007) within key curriculum areas. The results of this study 
could motivate and encourage further qualitative and quantitative research studies and 
inspire new significant research. Thus, it will attempt to provide unique baseline data 
on the effectiveness of CAI in Science teaching at secondary school level. Secondly, 
it will attempt to identify useful performance indicators with a view to developing a 
framework for good practice for CAI in schools throughout India. The third reason 
why the researcher chose this study is to explore the gender-wise differences in 
attitudes towards Science and whether these differences have any effect on the way in 
which they perceive their classroom environments. Knowledge of any differences, or 
similarities, between both perceptions of classroom environments and attitudes to 
Science by the two sexes, could prove helpful not only in course selection, counseling 
and developing positive interpersonal relationships between teachers and students, but 
also in ensuring gender equality. 
There are several reasons why this study is important and distinctive for 
science teachers. Firstly, science teachers in India value students who have positive 
perceptions of their classroom environments and exhibit positive attitudes to science. 
These teachers anticipate that such students will not only perform well in their school 
years in this particular subject, but will also continue to go on to further studies in 
some area of Science. In turn, this could help them to make important and worthwhile 
contributions to the society in which they decide to live and work. Secondly, this 
study could help them to become aware of the factors that affect the perceptions of 
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students to their classroom environments, as well as the effect that these factors have 
on the formation of the attitudes of these students to this particular area of the school 
curriculum. Thirdly, the results of this study have the potential to encourage science 
teachers to incorporate the use of CAI in their classrooms as a viable alternative 
pedagogical approach. In particular, this study would provide valuable information 
that could help teachers and researchers in India to improve their pedagogical 
practices. The results of the present study have the potential to influence educators. 
researchers and curriculum developers to incorporate the use of CAI in the curriculum 
as a practical way to improve classroom environments, students' attitudes towards 
Science and achievement. Moreover, this study is important because it is one of the 
first studies of computer assisted learning environment to be conducted in India It 
also represents one of the few learning environment studies anywhere in Asia that 
focused on the effects of CAI on the classroom environment as perceived by students. 
Specifically, the study would provide information about the effects of CAI on 
students' perception of their classroom learning environment and also their attitudes 
towards Science and achievement. It is likely to provide significant data to teachers 
and other researchers in regard to the implementation and uptake of CAI and explore 
the successes and challenges that are involved. The evidence that this research 
provides has the potential to influence decisions and choices that are made in relation 
to the educational curriculum at all levels. 
1.9 Assumptions 
For this study, the following assumptions were made: 
1. The students were capable of answering the test items of achievement tests 
and describing their attitudes toward Physical Science and CAI as required by 
attitude scales used in this study. They would comprehend the items of attitude 
scales and achievement test. 
2. A pretest-posttest measure assessing the instructional objectives of teaching 
the course contents, upon which CAI program was based, would accurately 
measure academic achievement. 
3. The instruments (achievement tests and attitude scales) elicited the desired 
responses. Their responses to the items of attitude scales reflect their actual 
opinions. 
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4. It was assumed that the students know how to do all basic computer 
operations. 
5. The students do not have had any experience of using the CAI software. 
6. This study would provide students with a unique leaning environment through 
CAI that will establish more interest and encouragement to learn science. The 
students, who were limited in their exposure to technology, would develop 
positive attitude towards the use of CAI in the Science classroom. 
1.10 Delimitations 
Like many studies, this study is delimited by certain circumstances. However, 
the delimitations are reasonable within the confines of any single research study and 
are not extensive so as to limit the contribution that can be made to the existing body 
of research on this topic. 
1. The present study was delimited to only one English medium senior secondary 
school of Aligarh district in U.P., namely, Ayesha Tarin Modem Public 
School. 
2. The sample of this study consisted of only those secondary school students 
enrolled in class X (session 2011-12). 
3. The multimedia CAI software was used to teach only four chapters of Physical 
Science which are there in class X Science text book published by NCERT ( 
National Council of Educational Research and Training). 
4. The treatment or intervention lasted only for 2 months (8 weeks). 
5. Data (particularly, on attitude towards Physical Science , CAI, and CAI 
learning environment) that were presented in this study were based on the 
participants' attitudes and perceptions. 
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CHAPTER 2 
REVIEW OF RELATED LITERATURE 
Review of the related literature, an essential aspect of a research study, -eters 
to a general retrospective survey of previous writings pertaining to one's problem. 
Familiarity with the related literature develops an insight into the problem, helps the 
researcher to discover what is already known, what others have attempted to find out 
and what problems remain to be solved. It guards against the possible limitations and 
minimizes the chance of duplication or repetitions. Thus, it is essential for a 
researcher to know what sources are available, what sources to use, and where and 
how to find them thereby saving many hours of aimless activity. 
The present chapter is devoted to the review of research studies that are 
thought to have some bearing on the problem selected by the researcher. In ordei to 
develop deep insight and to evaluate the methodological practices emerging, the 
researcher made a survey of the available literature and reviewed the research studies 
based on computer assisted instruction in Science education. A thorough and prudent 
study of various books, journals, research papers and educational reviews has resulted 
in the accumulation of certain amount of literature with respect to the topic under 
consideration. The researcher made an extensive search of all relevant studies in 
educational literature and selected those that were thought to be significantly related 
to the topic under investigation. 
For the sake of convenience, the investigator has divided this chapter into the 
following sections: 
2.1 Computer Assisted Instruction (CAI) in Science Education 
2.2 Effects of Traditional Teaching and CAI on Attitude towards Physical Science 
2.2.1 Gender and Attitude towards Physical Science 
2.3 Effects of Traditional Teaching and CAI on Achievement in Physical Science 
2.3.1 Gender and Achievement in Physical Science 
2.4 Teacher-centered CAI Versus Student-centered CAI 
2.5 Attitude towards CAI 
2.6 CAI Learning Environment 
2.7 Critical Appraisal of the Reviewed Literature 
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2.1 Computer Assisted Instruction (CAI) in Science Education 
The spectrum of the types of approaches investigated in computer-based 
science learning has undergone steady change in the last so many years. During the 
last three decades, the largest proportion of research reports involved computer-
assisted instruction (CAI) and its various modes (tutorials, drill & practice, 
simulations, instructional games and problem-solving). Many science educators have 
hoped that CAI and its modes would substantially help teachers provide students with 
efficient and effective opportunities to learn both science products - facts, principles, 
laws, and theories and its processes - manipulative and cognitive methods employed 
in the collection, analysis, synthesis, and evaluation of evidence. This is a review of 
the impact upon science learning of classroom and laboratory uses of CAI and its 
different modes as revealed by published research. 
2.2 Effects of Traditional Teaching and CAI on Attitude towards Physical 
Science 
Attitudes of students toward subjects in science are important because they 
influence students' science achievement. Several studies reported the positive effects 
of CAI on attitude towards science. Geban, Askar, and Ozkan (1992) investigated the 
effects of the computer-simulated experiment (CSE) and the problem-solving 
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approaches on 9 grade students' attitudes toward Chemistry. Chemistry Attitude 
Scale was used to measure their attitudes. The results indicated that that the CSE 
approach produced significantly more positive attitudes toward Chemistry than the 
problem-solving approach and conventional approach, with the conventional 
approach being least effective. Yalcinalp, Geban, and Ozkan (1995) also examined 
the effect of a CAI tutorial, used as a problem-solving supplement to classroom 
instruction, on students' attitudes toward Chemistry. The data were analyzed using 
two-way analysis of variance and t-test. It was found that the students who used the 
CAI accompanied with lectures scored significantly higher than those who attended 
recitation hours in terms of attitudes toward Chemistry. Similarly, Ozmen (2008) 
studied the effect of computer-assisted instruction on 11* grade students' attitude 
towards Chemistry. The Chemistry Attitude Scale (CAS) consisting of 25 hems was 
administered in the form of a pre-test and post-test. Analyses of scores of the 
experimental (n=25) and control (n=25) groups on the post-test showed a statistically 
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significant difference between groups in favour of the experimental group. Similar 
results were obtained by Ak9ay, Durmaz, Tuysuz, and Feyzioglu (2006) and Ak^ay, 
Ttiysiiz, and Feyzioglu (2003). Further, Chang (2002) compared the relative 
effectiveness of a problem solving-based computer-assisted instruction (PSCAI) and a 
lecture-Intemet-discussion instruction (LIDI) for Taiwan senior high school students' 
attitudes toward science measured by the Attitudes toward Earth Science Inventor> A 
multivariate analysis of covariance suggested that there were statistically significant 
differences in favour of the PSCAI on students' attitudes toward the subject matter. 
Furthermore, Chang (2003) found that teacher-directed CAI (TDCAI) students m a 
secondary school in Taiwan had significantly higher score gains than student-
controlled CAI (SCCAI) students as far as their attitude towards earth science course 
was concerned. In addition to this, Chang (2004), while exploring whether the effects 
of different forms of computer-assisted instruction (CAI) on student learning 
outcomes were influenced by student preferences of learning environment (PLE), 
concluded that teacher-centered CAI (TCCAI) group had significantly better attitudes 
toward earth science than did the student-centered CAI (SCCAI) group. Furthermore 
a significant PLE-treatment interaction was found on student attitudes toward the 
subject matter, where the teacher-centered instructional approach seemed to enhance 
more positive attitudes of students having less constructivist-oriented learning 
preferences; whereas the student-centered method was more beneficial to students 
having more constructivist-oriented learning preferences as far as their attitudes 
toward earth science in a computer-assisted learning environment was concerned. 
Additionally, Zacharia (2003) studied the effect of using interactive computer-based 
simulations (ICBSs), laboratory inquiry-based experiments (LlBEs), and 
combinations of an ICBS and a LIBE, in a conceptually oriented physics course on 
science teachers' beliefs about and. attitudes toward the use of these learning and 
teaching tools, as well as the effect on their intentions to incorporate these tools in 
their own future teaching practices; science teachers' attitudes toward physics and the 
effect that the use of ICBSs and/or LIBEs have on teachers' attitudes toward physics, 
and whether teachers' beliefs have an effect on their attitudes and whether their 
attitudes have an effect on their intentions. A pre-post comparison study and the 
Theory of Reasoned Action (TRA) were used for this purpose. Results confirmed the 
TRA model that beliefs affect attitudes and these attitudes then affect intentions, and 
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showed that science teachers' attitudes toward physics, the use of an ICBS, the use of 
a LIBE, and the use of a combination of an ICBS and an LIBE were highly positive at 
the end of the study. Similar results were also reported by a few researchers 
(Harwood 8c McMahon, 1997; Hounshell & Hill, 1989). Similarly, in India, 
Phoolwala (1997) conducted a study to know the opinion of the students towards 
science teaching through microcomputer. The results revealed highly favourable 
opinion towards science teaching through microcomputers among the students of 
experimental group. 
On the other hand, a study by Cavin, Cavin, and Lagowski (1981) showed that there 
was no significant difference between CAI and non-CAI with respect to chemistry 
attitudes. Similarly, Chang (2001), while comparing the effects of a Problem-Solving 
based Computer-Assisted Tutorial (PSCAT) and Lecture-Internet-Discussion (LID) 
teaching approach on attitude towards earth science of tenth graders (16-year olds) in 
a senior high school in Taiwan, concluded that none of the groups showed statistically 
significant increase or decrease in their attitudes. Similarly, Gonen, Kocakaya, and 
inan (2006) found that the student's attitudes towards Physics learning were not 
affected by different instruction methods. 
2.2.1 Gender and Attitude towards Physical Science 
Yalcinalp, Geban, and Ozkan (1995) found no significant difference between 
females and males from either experimental or control group in terms of their attitude 
towards chemistry, while studying the effect of a CAI tutorial, used as a problem-
solving supplement to classroom instruction, on students' understanding of chemical 
formulas and mole concept. Similar results were obtained by Akfay et al. (2003). 
2.3 Effects of Traditional Teaching and CAI on Achievement in Physical 
Science 
A number of researchers used a true experimental pre-posttest design to 
compare the effects of traditional teaching and CAI or its different modes on 
achievement in Physical Science (Ak9ay, Durmaz, Tuysuz, & Feyzioglu, 2006; 
Bayrak, 2007; Gonen, Kocakaya, &. Inan, 2006; Morgil, Oskay, Yavuz, & Arda, 
2003; Morgil, Yavuz, Oskay, & Arda, 2005; Serin, 2011). Ak9ay et al. (2006), while 
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comparing the effects of computer-based learning and traditional method on students' 
achievement in analytical chemistry, obtained positive results. In a similar study. 
Gonen, Kocakaya, and Inan (2006) compared the effects of Computer Assisted 
Teaching and the 7E model of the Constructivist learning methods on achievement of 
high school students in physics classes. A statistical analysis of achievement tests 
showed a significant difference between the students' achievement at the knowledge 
and comprehension levels of cognitive domain. On the other hand, no difference \\ as 
noted between their achievements at the application level of cognitive domam. 
Similarly, Serin (2011) investigated the effects of the computer-based instruction on 
the achievement of science and technology students. Data analysis through ANC()\ A 
revealed that there was a statistically significant increase in the achievement o'^ 'the 
experimental group. Likewise, Morgil et al. (2003) conducted a study to fmd out the 
effect of traditional learning method and computer supported method on learning 
level of the university students in redox subject in chemistry education. Results 
showed a difference of about 48% between pre- and post-tests in the control group (n 
= 42). But in the experiment group (n = 42), the increase in the success was more than 
the control group. In a similar study, Morgil et al. (2005) found a 52% improvement 
was observed in the post-instruction test results of the students of the experimental 
group whereas the control group only improved by 31%, while comparing the 
traditional and the computer-assisted teaching methods for teaching a fundamental 
topic within chemistry education, acids and bases. But, Bayrak (2007) found no 
significant difference between the effects of computer based learning and the 
laboratory based learning on students' achievement regarding electric circuits. 
A few studies employed a true experimental post-test only design to compare 
the effects of traditional teaching and CAI or its different modes on achievement in 
Physical Science (Choi & Gennaro, 1987; Geban, Askar, & Ozkan, 1992; Mahmood, 
2004; Tabassum, 2004). Choi and Gennaro (1987) compared the effectivenes.'- of 
microcomputer simulated experiments with that of parallel instruction invoking 
hands-on laboratory experiences for teaching the concept of volume displacement to 
junior high school students. In addition, they compared the degree of retention, after 
45 days, of both treatment groups. They found that computer simulated experiences 
were as effective as hands-on laboratory experiences. This study also showed that 
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there were no significant differences in the retention levels when the retention scores 
of the computer simulation groups were compared to those that had the hands-on 
laboratory experiences. Similarly, Geban, Askar, and Ozkan (1992) investigated the 
effects of the computer-simulated experiment (CSE) and the problem-solving 
approach on 9' grade students' chemistry achievement and science process skills. For 
this purpose, two experimental groups, using the CSE approach (n = 60) and the 
problem-solving approach (n=70) respectively, were compared with the control group 
(n = 70) using the conventional approach. The treatment for all groups was carried out 
over 9 weeks. The instruments used were Chemistry Achievement Test, Science 
Process Skill Test, and Logical Thinking Ability Test. The results indicated that the 
CSE approach and the problem-solving approach produced significantly greater 
achievement in chemistry and science process skills than the conventional approach 
did. However, no significant difference was found between the CSE and the problem-
solving approaches. In another study, Mahmood (2004) developed an interactive CAI 
tutorial to examine its effects on class IX students' achievement in general science as 
compared to traditional method of instruction. Twenty pairs of students, matched on 
intellectual capacity, were selected and assigned randomly to control and 
experimental groups. The result revealed that the experimental group outperformed 
the control group as far as their achievement at different levels of the cognitive 
domain (namely, knowledge, comprehension, and application) and in different content 
areas of science (Biology, Chemistry, and Physics) was concerned. But, Tabassum 
(2004) carried out a study to find out the relative effects of CAI as supplementing 
strategy and traditional method on class IX students' achievement in science. The 
experimental (n = 20) and control (n = 20) groups were equated on the basis of their 
achievement scores in Biology in the previous semester. Analysis of data revealed 
that the experimental group performed significantly better than the control group. 
Further, a large number of researchers employed a quasi-experimental pre-post 
test design to compare the effects of traditional teaching and CAI or its different 
modes on achievement in Physical Science. Some of them reported positive findings 
(Ardac & Akaygun, 2004; Chang, 2001a, 2001b; Ozmen, 2008). Ardac and Akaygun 
(2004) made use of the capabilities of computerized environments to enable 
simultaneous display of molecular representations that correspond to observations at 
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the macroscopic level. They addressed the immediate and long-term effects of using a 
multimedia instructional unit that integrates the macroscopic, symbolic, and 
molecular representations of Chemical phenomena. Forty-nine eighth graders recei\ed 
either multimedia-based instruction that emphasized molecular representations (n = 
16), or regular instruction (n = 33). Students who received multimedia-based 
instruction outperformed students from the regular instruction group in terms of the 
resulting test scores and the ease with which they could represent matter at ihe 
molecular level. However, results relating to the long-term effects suggested that ihe 
effectiveness of a multimedia-based environment can be improved if instruction 
includes additional prompting that requires students to attend to the correspondence 
between different representations of the same phenomena. But Chang (2001a, 2001b) 
investigated the effects of a Problem-Solving based CAI on students' achievement. 
Chang (2001a) explored the effects of a Problem-Solving based Computer-Assisted 
Tutorial (PSCAT) on earth science achievement of tenth graders in a senior high 
school in Taiwan. The experimental groups (n = 72) received the PSCAT; whereas the 
comparison groups (n = 65) received a Lecture-Internet-Discussion (LID) teaching 
approach. A multivariate analysis of covariance on the post-test scores of the Larth 
Science Achievement Test, with students' pre-test scores as the covariates, suggested 
that PSCAT produced (almost) significantly greater gains on students' earth science 
achievement than did the LID approach. Along the same lines, Chang (2001b) also 
explored the effects of a Problem-Based Computer- Assisted Instruction (PBCAl) on 
students' earth science achievement in Taiwan. During a 2-week period, the 
experimental group students (n = 84) received the PBCAI while the comparison gioup 
students (n =^  75) received a Direct-Interactive Teaching Method (DITM) 
accompanying with regular computer-internet usage. An analysis of covariance on the 
Earth Science Achievement Test posttest scores with students' IQ and pretest scores 
as the covariates suggested that the PBCAI was more effective in promoting students' 
achievement than was the DITM, and that the students in the experimental group had 
significantly higher achievement scores than did students in the comparison group, 
especially on the knowledge and comprehension test items, but not on the application 
test items. Similarly, Ozmen (2008) studied the effect of computer-assisted instruction 
on 11 grade students' achievement in Chemistry. The Chemical Bonding 
Achievement Test (CBAT) consisting of 15 two-tier questions was administerec in 
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the form of a pre-test and post-test. Analyses of post-test scores by t-test showed that 
the students in the experimental group (n = 25) scored higher than the students in 
control group (n = 25) on the achievement test, indicating they had developed a better 
understanding of chemical bonding as a result of the CAI intervention. 
Less conclusive findings on the effects of CAI on achievement were also 
reported by a few researchers who used a quasi-experimental pre-post test design 
(Chang, 2002; Pol, Harskamp, & Suhre, 2005). Chang (2002) compared the relative 
effectiveness of a problem solving-based computer-assisted instruction (PSCAI) and a 
lecture-Internet-discussion instruction (LIDI) for Taiwan senior high school students' 
science achievement measured by the Earth Science Achievement Test. Experimental 
group students (n = 156) received the PSCAI; comparison group students (n = 138) 
received the LIDI. A multivariate analysis of covariance suggested that students 
taught using the PSCAI scored higher but not significantly higher than did students in 
the LIDI group. But Pol et al. (2005) developed a computer program about the subject 
of forces, containing hints for the various different episodes of problem-solving. A 
study was undertaken with a group taking part in the experiment (n = 11) who used 
both their textbook and the computer program, and a control group (n = 25) who used 
their textbook only. There was evidence to show that the pupils from the group taking 
part in the experiment did achieve higher results in solving problems. Exploration and 
planning were improved but evaluation was not. It appeared that pupils involved in 
the experiment made better use of their declarative knowledge in solving problems 
than pupils from the control group. 
While employing a quasi-experimental post-test only design to compare the 
effects of traditional teaching and CAI on achievement in Physical Science, Dalgamo, 
Bishop, Adlong, and Bedgood (2009) compared the ability of a 3-dimensional Virtual 
Laboratory (VL) and a Real Laboratory (RL) to function as a tool for familiarizing 
students with the spatial structure of a laboratory and the apparatus and equipment it 
contains. After the VL-group (n = 11) had explored the simulation and the RL-group 
(n = 11) had been taken on a tour of the actual laboratory, all students were tested on 
their recall of the laboratory layout and their familiarity with apparatus. RL-group 
scored on average higher than VL-group. However, the difference was not significant 
at the 95% level in any of the tests. The researchers concluded that the Virtual 
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Laboratory is an effective tool for familiarization with the laboratory environment, 
especially for a student studying at a distance who does not have the opportunity to 
explore the laboratory. 
Some studies did not mention clearly about the experimental design used hut 
they reported important findings regarding the effects of CAI on achievement (K lalir. 
Triona, & Williams, 2007; Wu, Krajcik, & Soloway, 2001). Klahr, Triona. and 
Williams (2007) compared the effectiveness of using virtual and physical materials in 
a hands-on science, open-ended discovery, and design activity. Students (N = 56) 
were assigned to four different conditions, depending on whether they manipulated 
physical or virtual materials, and whether they had a fixed number of cars they could 
construct or a fixed amount of time in which to construct them. All four conditions 
were equally effective in producing significant gains in learners' knowledge about 
causal factors, in their ability to design optimal cars, and in their confidence in their 
knowledge. While all students showed improvement on both the knowledge and 
performance assessments, there was no significant difference among groups on either 
measure. It was also found that students in the virtual materials group completed 
significantly more trials than those in the physical materials group, calling attention to 
other advantages for using the virtual materials, such as ease of development. 
duplication, and distribution of materials, as well as fewer time and space restrictions. 
On a similar note, Wu, Krajcik, and Soloway (2001) investigated how ll"^ grade 
students (N = 71) developed an understanding of chemical representations with the 
aid of a computer-based visualizing tool, eChem, that allowed them to build 
molecular models and view multiple representations simuhaneously. The results of 
pre- and posttests showed that students understanding of chemical representations 
improved substantially. They concluded that a chemistry simulation's visualization 
tools may have aided students in developing an understanding of chemical 
representations. Since student pairs used both physical model kits and simulations to 
build molecular models and compare micro- and macroscopic molecular 
representations, the researchers acknowledge that the simulation's impact alone could 
not be extracted from that of the combination of instructional methods. 
A number of researchers used a true experimental pre-post test design not onl\ 
to study the effects of CAI and hs different modes on achievement but also their role 
in helping students overcome their alternative conceptions or misconceptions in the 
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field of Physical Science (Baser, 2006; Weller, 1995; Zacharia, 2007; Zacharia, 
Olympiou, and Papaevripidou, 2008). Baser (2006) investigated the effects of 
simulations based on conceptual change conditions (CCS) and traditional 
confirmatory simulations (TCS) on pre-service elementary school teachers' 
understanding of direct current electric circuits. The data was collected from a sample 
consisting of 89 students; 48 students in the experimental group who were taught 
simulations based on CCS, and 41 students in control group who followed the TCS. 
Electric Circuits Concepts Test (DIRECT) was not only used as pre-test but also as 
post-test and delayed post-test. Science process skills and attitudes toward computers 
were taken as covariates. Analysis of covariance was used to analyze the post-test 
data collected after three weeks. The results showed that the conceptual change based 
simulations caused significantly better acquisition of conceptual change of direct 
current electricity concepts than the confirmatory simulation. Eleven weeks delayed 
post-test results showed that the experimental group outperformed the control group 
in understanding of direct current electric concepts. In another study, Weller (1995) 
reported on the investigation of a microcomputer-based system for the diagnosis and 
remediation of three Aristotelian alternative conceptions of force and motion held by 
eighth-grade Physical Science students. The two remediation simulations were 
designed to present scientific idealizations and to be perceived by the student as 
anomalous to the three alternative conceptions. Diagnosis and post-testing were done 
with computer-displayed, graphics-based, multiple-choice questions. Structured 
interviews were employed at several points during the study to obtain indications of 
the conceptions of force and motion of students. A student's possession of alternative 
conceptions was unrelated to whether the student was a strong or weak learner of 
science. Students who were currently studying dynamics in their classes exhibited a 
very different pattern of non-scientific answers on the computer diagnostic test than 
did students who had completed that topic. The completed students who were selected 
for possession of alternative conceptions were facilitated by the computer simulations 
in altering their naive conceptions to a significant degree. In studying the differences 
between using so-called Real Experimentation (RE) and Virtual Experimentation 
(VE), Zacharia (2007) compared a control group only using RE with an experimental 
group using a combination of RE and VE. The results indicated that replacing RE 
with VE during a specific part of the experiment has a positive influence on students' 
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conceptual understanding of electrical circuits, as measured by conceptual tests. 
Likewise, Zacharia, Olympiou, and Papaevripidou (2008) showed that the use of the 
combination of PM and VM had a greater effect on undergraduate stutlents' 
conceptual understanding of temperature and changes in temperature than the use of 
PM alone. 
A number of researchers, who used a quasi-experimental pre-post test design 
not only to study the effects of CAI and its different modes on achievement but also 
their role in helping students overcome their alternative conceptions/misconceptions 
in the field of Physical Science, obtained positive resuks (Ozmen, 2008, 21)11; 
Ozmen, Demircioglu, & Demircioglu, 2009). Ozmen (2008) studied the effect of 
computer-assisted instruction on 11 grade students' conceptual understanding of 
chemical bonding. The Chemical Bonding Achievement Test (CBAT) consisting of 
15 two-tier questions was administered in the form of a pre-test and post-iest. 
Analyses of scores of the experimental (n=25) and control (n=25) groups on the post-
test showed a statistically significant difference between groups in favour oi' the 
experimental group. The results also indicated that the students from the experimental 
group were more successful than the control group students in remediation of 
alternative conceptions due to CAI intervention. Similarly, Ozmen (2011) studied the 
effect of animation enhanced conceptual change texts (CCT-CA) on grade 6 students' 
understanding of the particulate nature of matter (PNM) and transformation during the 
phase changes. A quasi-experimental design and one control group (CG, N = 25) and 
one experimental group (EG, N = 26) were used. While the control group was 
subjected to traditional instruction, the experimental group received CCT CA 
instruction. Two different tests, The Particulate Nature of Matter Concept fest 
(ParNoMaC) and The Transformation of Matter Statement Test (ToMaSaT). were 
administered as pretest, posttest and delayed test to collect data. Results indicated that 
the performance of EG students was higher than the CG ones in posttest and delayed 
test. And also, the EG students were better in remediating their alternative 
conceptions related to the particulate nature of matter and transformations durmg the 
phase changes. Likewise, Ozmen, Demircioglu, and Demircioglu (2009) also 
determined the effect of conceptual change texts accompanied with computer 
animations on 11th grade students' understanding and alternative conceptions related 
to chemical bonding. One experimental group (EG; N = 28) and one comparison 
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group (CG; N = 30) were used in the study. While the comparison group was 
subjected to traditional instruction, the experimental group received conceptual 
change text accompanied with computer animations instruction. Chemical bonding 
achievement test was applied as pre-test, post-test and delayed test to collect data. The 
results of the study indicated that the performance of EG students was greater than the 
CG ones in post-test and delayed test. And also, the EG students were better in 
remediating their alternative conceptions related to chemical bonding. 
Further, Trundle and Bell (2010) used a quasi-experimental pre-post test 
design to compare the effectiveness of three instructional approaches in achieving 
desired conceptual change among early childhood pre-service teachers (N = 157). 
Each of the three treatments employed inquiry-based instruction on moon phases 
using data collected from: (1) the planetarium software program. Starry Nighf'"'^ , (2) 
nature observations and Starry Night^'^, or (3) nature observations alone. Data sources 
included drawings, intensive interviews, and a lunar shapes card sort. The data sets 
were analyzed via a constant comparative method in order to produce profiles of each 
participant's pre- and post-instruction conceptual understandings of moon phases. 
Non-parametric tests of significance revealed that pre- to post-instruction gains were 
significant for all three treatments across all targeted concepts. The Starry Nighf'"^-
Only treatment demonstrated statistically greater gains for sequencing moon phases 
than the other two treatments. However, there were no significant differences among 
the three treatments in regard to participants' abilities to draw scientific moon shapes 
or in their conceptions of the causes of moon phases. But in an earlier study 
conducted to describe the conceptual understandings of 50 early childhood (Pre-K-3) 
Pre-service teachers about standards-based lunar concepts before and after inquiry-
based instruction utilizing educational technology. Bell and Trundle (2008) found that 
before instruction none of the participants understood the cause of moon phases, and 
none were able to draw both scientific moon shapes and sequences. After the 
instruction with technology integration, most participants (82%) held a scientific 
understanding of the cause of moon phases and were able to draw scientific shapes 
and sequences (80%). 
Numerous studies investigated the effects of CAT and its different modes, used 
as a supplement or alternative to traditional teaching, on achievement in Physical 
Science. Some researchers, who used a true experimental pre-post test design, 
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reported positive effects (Stern, Bamea & Shauli, 2008; Yalcinalp, Geban, & Ozkan. 
1995; Zacharia, 2007; Zacharia, Olympiou, & Papaevripidou, 2008). Stern, Bariiea 
and Shauli (2008) evaluated the effect of a dynamic software simulation on the 
understanding of the kinetic molecular theory by 7th graders. Students in the control 
group (n = 62) studied a curricular unit that addressed the differences in arrangement 
and motion of molecules in the three phases of matter. The experimental group (n = 
71) studied the same unit combined with a few computer lessons using a soft v> are 
simulation. The results indicated that the students in the experimental group scored 
significantly higher than those in the control group. Nonetheless, while both groups of 
students improved their understanding of the kinetic molecular theory, the overall 
achievements were very low. Likewise, Yalcinalp, Geban, and Ozkan (1995) 
examined the effect of a CAI tutorial, used as a problem-solving supplement to 
classroom instruction, on students' understanding of chemical formulas and mole 
concept. The objective was to assess the effectiveness of CAI over recitation hours 
when both teaching methods were used as a supplement to the traditional Chemistry 
instruction. Two classes were randomly selected in a secondary school. Each teaching 
strategy was randomly assigned to one class. The experimental group received 
supplementary instruction delivered via CAI, while the control group received similar 
instruction through recitation hours. The data were analyzed using two-way analysis 
of variance and t-test. It was found that the students who used the CAI accompanied 
with lectures scored significantly higher, on a 45-item posttest at the knowledge, 
comprehension, and application levels, than those who attended recitation hours, in 
terms of school subject achievement in Chemistry. Along the same lines, Zacharia 
(2007) investigated the value of combining Real Experimentation (RE) withVirtual 
Experimentation (VE) with respect to changes in students' conceptual understanding 
of electric circuits. Experimental group (n = 45) and a control group (n = 43) attended 
a one semester course in Physics for pre-service elementary school teachers. 
Participants in the control group used RE to conduct the study's experiments, 
whereas, participants in the experimental group used both RE and VE. Results 
indicated that the combination of RE and VE enhanced students' conceptual 
understanding more than the use of RE alone. A further analysis showed that 
differences between groups on that part of the curriculum in which the experimental 
group used VE and the control group RE, in favour of VE. In a similar fashion, 
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Zacharia, Olympiou, and Papaevripidou (2008) investigated the comparative value of 
experimenting with physical manipulatives (PM) in a sequential combination with 
virtual manipulatives (VM), with the use of PM preceding the use of VM, and of 
experimenting with PM alone, with respect to changes in students' conceptual 
understanding in the domain of heat and temperature. Participants in the control group 
(n = 31) used PM to conduct the experiments, whereas, participants in the 
experimental group (n = 31) used first PM and then VM. VM differed from PM in 
that it could provide the possibility of faster manipulation, whereas, it retained any 
other features and interactions of the study's subject domain identical to the PM 
condition. Results indicated that experimenting with the combination of PM and VM 
enhanced students' conceptual understanding more than experimenting with PM 
alone. 
Some researchers, who used a quasi-experimental pre-post test design to study 
the effects of CAI and its different modes as a supplement to traditional teaching, also 
reported positive effects (Baltzis & Koukias, 2009; Kara, 2008; Limniou, 
Papadopoulos, Giannakoudakis, Roberts, & Otto, 2007; Liu, 2006). Kara (2008) 
carried out a study to determine the retention effect of CAI on ?"' grade students' 
achievement for teaching the Physics topics. An achievement test, consisting of 25 
items on Force and Pressure units, was used as a pre-test, post-test and retention test. 
Traditional instruction method was used for control group (n=85) while traditional 
instruction with teacher supervised CAI method was used for experimental group 
(n=47). Independent samples t-test results demonstrated a significantly meaningful 
difference between groups' post test as well as retention test scores in favour of the 
experimental group. In a study by Baltzis and Koukias (2009), students (n = 280) 
taking a course on analog electronics were encouraged to complete a circuit 
simulation task individually prior to performing a laboratory experiment in pairs and 
their academic performance was compared with students (n = 238) working in a 
laboratory without simulation. This integration of simulations tools in teaching led to 
an overall improvement of academic performance. In the same manner, Limniou et al. 
(2007) integrated an interactive viscosity simulator into a pre-laboratory session in an 
attempt to improve training in a chemistry laboratory. The students of the 
experimental group (n = 44) participated in a pre-laboratory session with additional 
instruction, including the use of the simulation on personal computers and other 
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discussions. After the pre-labs, these students participated in the design o^^ the 
experiments using the simulator as an educational tool, and then carried out the 
experiments; in addition, they processed their data on spreadsheets, and they pooled 
their results through a Local Area Network (LAN). The students of the control group 
(n = 44) performed the experiments following the traditional teaching procedure 
(recipe-labs), without attending the pre-lab session. Statistical analysis indicated the 
significant differences in content knowledge between the experimental and control 
groups, proving that a collaborative pre-lab simulation exercise can improve content 
knowledge. Similarly, Liu (2006) conducted a study to test a hypothesis that comj^uter 
modeling enhanced hands-on chemistry laboratories are more effective than hands-on 
laboratories or computer modeling laboratories alone in facilitating high school 
students' understanding of chemistry concepts. Thirty-three high school chemistry 
students from a private all-girl high school in northeastern United States were di\ ided 
into two groups to participate. Each group completed a particular sequence of 
computer modeling and hands-on laboratories plus pre-test and post-tests of 
conceptual understanding of gas laws. Each group also completed a survey of 
conceptions of scientific models. Non-parametric tests showed that the combined 
computer modeling and hands-on laboratories were more effective than either 
computer simulations or hands-on laboratory alone in promoting students' conceptual 
understanding of the gas law on the relationship between temperature and pressure. 
Some researchers, who used a quasi-experimental post test only design to 
study the effects of CAI and its different modes as a supplement to traditional 
teaching, obtained mixed effects. Jimoyiannis and Komis (2001) compared two 
groups, control (n = 60) and experimental (n = 30) of 15-16 years old students to 
determine the role of computer simulations in the development of functional 
understanding of the concepts of velocity and acceleration in projectile motions. Both 
groups received traditional classroom instruction on these topics; the experimental 
group used computer simulations also. The results showed that students working with 
simulations exhibited significantly higher scores in the research tasks. In the same 
manner, Cracolice and Abraham (1996) carried out a study to investigate the effects 
of computer assisted instruction and semi-programmed instruction as replacements for 
traditional recitation and discussion, on students' problem-solving performance m 
General Chemistry. ANCOVA, partialling out the effect of formal reasoning abilitv. 
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was used to analyze the experimental data. The results indicated that for simple 
exercises, all methods of teaching were equally effective, but for difficult exercises, 
the semi-programmed instruction was most effective. In contrast to these positive 
results, negative effects were obtained in a study by Wainwright (1989). He evaluated 
the attributes of a commercial microcomputer software package as a supplement to 
traditional instruction in general chemistry classes in a suburban public high school. 
During a unit of study of writing and naming formulas and balancing chemical 
equations, the experimental group received reinforcement via microcomputer while 
the control group used parallel worksheet exercises over a period of three weeks for 
concept reinforcement. Analysis of achievement scores indicated significantly higher 
scores among the students in the control group. 
In India, a number of researchers studied the effects of CAI on students' 
achievement in Physics, mainly at the secondary and senior secondary levels. For 
instance, Kadhiravan (1999) compared the three instructional strategies viz. Lecture 
Method (LM), Computer Assisted Instruction (CAI) as individualized strategy and 
Computer Assisted Instruction with peer interaction (CAIPI) in terms of their 
effectiveness in improving the performance in Physics among the higher secondary 
students with different levels of cognition, viz. knowledge, application and 
understanding. The author also developed a syllabus based computer software 
package for the selected units in Physics at higher secondary level to evaluate it from 
the technical and pedagogical points of view. The sample consisted of 105 students of 
standard XI. The results showed that among the instructional strategies, viz. LM, CAI 
and CAIPI, CAIPI was the most effective instructional strategy in terms of realizing 
the instructional objectives in physics at higher secondary stage. Among the three 
instructional strategies, CAIPI is the most effective one in terms of its effectiveness in 
realizing the instructional objectives in the context of content with low difficulty 
level. 
A number of Indian researchers had developed a number of CAI packages to 
examine their effects on students' achievement in Physics. For instance, Jeyamani 
(1991) developed a Computer Assisted Instruction (CAI) package to test its 
effectiveness for teaching Physics to class XI students. Results showed that the 
experimental group performed significantly better than the control group. Similarly, 
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Sindhi (1996) developed a multimedia package for the teaching of Physics in class X 
to study its effectiveness on achievement of students. Results showed that there was a 
significant difference between mean of pre-test and post-test scores oJ the 
experimental group. There was also a significant difference between the mean post-
test scores of control group and experimental group, proving that the teaching through 
multimedia package was more effective in comparison to conventional method of 
instruction. Likewise, Dange and Wahb (2006) studied the effectiveness of teach mg 
Physics to class IX through Computer Assisted Instruction package based on the topic 
'Universe'. Results indicated no significant difference between the mean gain scores 
of pre-test and post-test for the control group (n = 16). But a significant diffeience 
was found between the mean gain scores of pre-test and post-test for the experimental 
group (n = 16). There was also a significant difference between mean post-test scoies 
of control and experimental groups. In a similar study, Dalwadi (2001) developed a 
CAI package in Science on the unit of 'Light' for standard IX to test its effectiveness 
in terms of achievement of students. Results proved that CAI was an effective 
individualized instructional technique for teaching science. Along the same lines, 
Patel (2008) developed a CAI package on two units of Physics for class XI, namely 
'motion in one dimension and two dimensions' and 'Laws of Motion', to compare its 
effectiveness with conventional method of instruction in terms of achievement of 
students. The package was found significantly more effective as reflectec by 
significantly higher achievement of the experimental group (n = 30) than the control 
group (n = 30). 
A few Indian investigators had also evaluated the effects of CAI on students" 
achievement in Chemistry. For instance, Phoolwala (1997) conducted a study to 
compare the effectiveness of teaching a unit of science, namely 'Carbon Compounds' 
through microcomputer and traditional method of teaching. Results indicated a 
significant difference between the mean scores of pre-test and post-test of 
experimental group, proving that students can learn effectively through 
microcomputers. There was also a significant difference between the mean post-test 
scores of control group and experimental group, indicating that students can leain 
science effectively through microcomputer than through traditional method. In a 
similar study, Vasanthi and Hema (2003) studied the effectiveness of teaching 
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Chemistry through CAI over the traditional teaching method. Results indicated a 
significant difference between the mean gain score of the control (n = 30) and 
experimental (n = 30) groups for all units. But no significant difference was found 
between the mean post-test scores of control and experimental groups administrated 
for all units. In another study, Khirwadkar (1998) developed a CAI package based on 
three chapters of Chemistry for class XI to study the effectiveness of the software 
package in terms of achievement of students. The results indicated that the package 
was effective in terms of student's achievement, as shown by significantly higher 
achievement of the experimental group (n = 30) than the control group (n = 30). 
Similarly, Parmar (2013) conducted an experimental study to find out the 
effectiveness of Computer Aided Instructional Material (CAIM) on Chemistry for 
students of standard XI by taking 55 students as sample using single group pre-test 
and post-test. Results found CAIM to be effective for learning the concepts of 
chemistry. 
2.3.1 Gender and Achievement in Physical Science 
A number of researchers also explored the effect that CAI had on achievement 
in Physical Science based on gender. Some of them found the positive effects of CAI 
on male students. Abouserie, Moss, and Barasi (1992) studied the effect of CAL 
tutorials and gender on 143 first year medical students' achievement in a Physiology 
course. There were 66 male and 77 female students in the sample. The results 
revealed that there was a significant difference between males and females in their 
achievement scores in favour of the male group. Similarly, Choi and Gennaro (1987), 
while comparing the effectiveness of microcomputer simulated experiments with that 
of parallel instruction involving hands-on laboratory experiences, also assessed the 
differential effect on students' understanding of the volume displacement concept 
using sex of the students as another independent variable. The results showed that 
males, having had hands-on laboratory experiences, performed better on the posttest 
than females having had the hands-on laboratory experiences. There were no 
significant differences in performance when comparing males with females using the 
computer simulation in the learning of the displacement concept. However, an 
ANOVA of the retention test scores revealed that males in both treatment conditions 
retained knowledge of volume displacement better than females. But less conclusive 
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findings regarding the effect of CAI based on gender were dWarned by Klahr, Triona. 
and Williams (2007). They compared the effectiveness of using virtual and physical 
materials in a hands-on science, open-ended discovery, and design activity. Students 
(N = 56) were assigned to four different conditions, depending on whether they 
manipulated physical or virtual materials, and whether they had a fixed number of 
cars they could construct or a fixed amount of time in which to construct them. 
Results indicated that the girls' performance, knowledge, and effort were equal to 
boys' in all conditions, depending on whether they manipulated physical or virtual 
materials, and whether they had a fixed number of cars they could construct or a fixed 
amount of time in which to construct them. 
Further, a number of other researchers found no gender effect on achievement. 
Baser (2006), while examining the effects of simulations based on conceptual change 
conditions (CCS) and traditional confirmatory simulations (TCS) on pre-seivice 
elementary school teachers' understanding of direct current electric circuits, found 
that gender and interaction between gender and treatment did not significantly 
contribute to students' understanding of direct current electricity concepts, \\hile 
studying the effects of integrating an interactive viscosity simulator into a pre-
laboratory session in an attempt to improve training in a chemistry laboratorv, 
Linmiou et. al (2007) also found no significant difference between male and female 
students from either experimental or control group, as far as their performance on 
knowledge-based questions was concerned. Similarly, Stern, Barnea and Shauli 
(2008) did not find any statistically significant gender differences while exploring the 
effect of a dynamic software simulation on the understanding of the kinetic molecular 
theory by 7th graders. Likewise, Yalcinalp, Geban, and Ozkan (1995) found no 
significant difference between the performances of females versus males from eiiher 
experimental or control group while studying the effect of a CAI tutorial, used as a 
problem-solving supplement to classroom instruction, on students' understanding of 
chemical formulas and mole concept. In a similar study, Tabassum (2004) concluded 
that CAI method was equally effective for both male and female students. Similar 
results were obtained by Ak9ay et al. (2003). Similarly, in the Indian context, gender-
wise comparison was found to be insignificant, indicating that CAI is equall\ 
effective in teaching male and female students (Jeyamani, 1991; Patel, 2008). 
55 
2.4 Teacher-centered CAI versus Student-centered CAI 
The effectiveness of learning from CAI derives little from the medium that is 
used. Instead, the benefits appear to come from the instructional design method used 
to develop or implement the CAI (Clark, 1994). Consequently, it might be more 
appropriate to evaluate the relative effectiveness of different instructional strategies 
on students' learning. While previous studies and meta-analyses have primarily 
focused on the comparative efficacy of computer assisted instruction (CAI) versus 
traditional instruction, there have been relatively fewer examples of research 
exploring how various teaching formats of CAI influence student science learning 
outcomes in the secondary classroom. Therefore, Chang (2002) undertook a study to 
explore the effects of teacher-centered versus student-centered multimedia CAI on the 
science achievement of tenth-grade students in Taiwan. A total of 244 high school 
students participated in this pre-test/post-test comparison group experiment. During a 
one-week period, one group of students (n = 123) were taught by a teacher-centered 
multimedia CAI scheme whereas the other group of students (n = 121) was subjected 
to student-centered multimedia CAI. An analysis of covariance on the Earth Science 
Achievement test post-test scores with students' pre-test scores as the covariate 
revealed that the teacher-centered approach was more effective in promoting the 
students' science achievement than was the student-centered method, especially on 
the knowledge and application levels of the cognitive domain. Similarly, Chang 
(2003) compared teacher-directed CAI (TDCAI) and student-controlled CAI (SCCAI) 
in a compulsory Earth Science course in a secondary school in Taiwan. The 
participants in the study were 232 tenth grade students belonging to six sections of 
about 40 students each and a total of 125 females and 107 males. Each of the six 
sections was randomly assigned to either the teacher-directed CAI groups (three 
sections with a total of 119 students including 65 females and 54 males) or student-
controlled CAI groups (three sections with a total of 113 students including 60 
females and 53 males). A pre-test post-test control group experimental design was 
adopted. Data collection instruments included the Earth Science Achievement Test 
and the Attitudes toward Earth Science Inventory. A multivariate analysis of 
covariance suggested that TDCAI students had significantly higher score gains than 
SCCAI students on the set of achievement. 
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In another study, Chang (2004) investigated the effects of a teacher-centered 
versus student-centered computer-assisted instruction (CAI) on 10th graders' Earth 
Science student learning outcomes. This study also explored whether the effects of 
different forms of computer-assisted instruction (CAI) on student learning outcomes 
were influenced by student preferences of learning environment (PLE). A total of 347 
lOth-grade senior high school students participated in this non-equivalent control 
group quasi-experiment. During a one-week period, one group of students (n --- 216) 
were taught by a teacher-centered CAI (TCCAI) model whereas the other group of 
students (« = 131) were subjected to a student-centered CAI (SCCAI) method. Results 
showed that no statistically significant difference on students' Earth Science 
achievement was found for either group. Likewise, Wu and Huang (2007) 
investigated ninth graders' achievement in teacher-centered (TC) and student-centered 
(SC) technology-enhanced classrooms. 54 students from two science classes in 
Taiwan participated in this study. Of the two science classes, one class was randomly 
assigned as the student-centered (SC) class (n = 25) and the other, the leacher-
centered (TC) class (n = 29). An achievement was administered as the pretest. 
posttest, and delayed posttest to assess initial understanding, changes, and retention oF 
conceptual understanding test about force and motion. The statistical results suggested 
four main findings. First, students' conceptual understandings about force and motion 
were significantly improved in both classes. It appeared that neither ont of the 
instructional approaches was better than another in terms of helping students learn the 
concepts. Second, compared to high- and medium-achieving groups, low achieving 
students benefited less from the student-centered instructional approach and might 
need more guidance from the teacher when engaging in technology-enhanced learning 
activities. Third, high-achieving students could gain substantial understanding in 
either one of the learning environment, whereas medium-achieving students seemed 
to improve more in the student-centered learning envirormient. The fourth finding was 
that the effects of instructional approach on different achieving groups dici not last 
long. Ak9ay, Tuysiiz, and Feyzioglu (2003) used a computer aided learning method 
based on 'mole concept' and 'Avogadro's number' to study its effect or primary 
science classroom students' success in science. For this purpose two expenmentai 
groups were compared, with the control group using conventional learning approach. 
The experimental groups were taught using the teacher centered computer-aided 
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education and student centered computer-aided education, respectively. Positive 
results were obtained for their success in science. Similarly, in India, Siddiqui and 
Khatoon (2013) investigated the effects of traditional instruction, teacher-centered 
computer assisted instruction (CAI) and student-centered computer assisted 
instruction on secondary school students' achievement in Physical Science. A total of 
120 tenth-grade secondary school students participated in this randomized pretest-
posttest control group experimental study. These students were randomly divided into 
three groups, namely, control group (n = 40), Teacher-centered CAI experimental 
group (n = 40) and Student-centered CAI experimental group (n = 40). During a 
period of 5 weeks, control group was taught by traditional instruction, whereas 
Teacher-centered CAI and Student-centered CAI experimental groups were subjected 
to teacher-centered CAI and student-centered CAI methods respectively. An analysis 
of covariance on the Physical Science Achievement Test post-test scores with 
students' pre-test scores as the covariate showed that the teacher-centered CAI 
approach was more effective in enhancing the students' achievement in Physical 
Science than traditional instruction and student-centered CAI method. 
Computerized learning environments offer several possibilities that can be 
used to improve the teaching of content along with the process. Research indicates 
that students benefit from additional guidance, particularly when computer-based 
instruction requires active construction of knowledge. On one hand, Ardac and Sezen 
(2002) examined the relative effectiveness of guided versus unguided computer based 
instruction with respect to regular instruction in improving content knowledge and 
process skills among students with low and high chemistry achievement levels. The 
results indicated that the effectiveness of computer-based instruction increased when 
learning was supported by teacher-directed guidance. Computer-based instruction 
(with or without guidance) was observed to be more effective than regular instruction 
in improving process skills particularly for students with high chemistry achievement. 
However, although the students who received regular or guided computer-based 
instruction showed significant gains in content knowledge, students under unguided 
condition failed to construct the expected content knowledge. While on the other 
hand, Limniou, Papadopoulos, and Whitehead (2009) compared two different 
teaching approaches which supported a pre-laboratory session by using the same 
simulation program. The investigation was conducted in two countries (Greece and 
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UK). The Greek students attended the course in a computer cluster, where the teacher 
and the students had a face-to-face communication, while the English students 
participated in the on-line WebCT course, where there was an on-line asynchronous 
discussion. A crucial point which emerged from this investigation was that tlie 
simulation program in the two different pre-laboratory training sessions gave the same 
learning outcome; however, the learning characteristics and the teacher's effort weie 
different. The teacher's role was slight difference in the two teaching approaches. In 
the computer cluster, the teacher had a more active role guiding students to obtair the 
expected learning outcome through face-to-face discussion and interaction, whereas m 
the case of the virtual learning environment (WebCT), the teacher had a more of a 
facilitator role focused on posing questions to the students and collecting the 
resources promoting the independent learning. 
2.5 Attitude towards CAI 
Computer assisted instruction (CAI), which is becoming widely available as 
an instructional medium individualizes the teaching and learning process so that it is 
somewhat more effective than conventional instruction. Secondary school student 
attitudes towards computer assisted instruction, and their perceptions about the 
difference between regular classroom and computer assisted instruction, are extremely 
important in obtaining feedback about CAI. Attitude of students towards CAI is a key 
factor for the success of computers as an educational technology. Therefore, a number 
of researchers had studied the effects of using CAI on students' attitude towards using 
computer and CAI in teaching-learning process. Some of them reported positive 
effects (Abouserie, Moss, & Barasi, 1992; Ak9ay, Durmaz, Tiiysuz, & Feyzioglu, 
2006; Ak9ay, Tiiysuz, & Feyzioglu, 2003; A§kar, Yavuz, & Koksal, 1992; Bahzis & 
Koukias, 2009; Hartley & Treagust, 2006; Limniou, Papadopoulos, Giannakoudakis, 
Roberts, & Otto, 2007; Wu 8c Huang, 2007; Yalcinalp, Geban, & Ozkan, 19')5). 
Abouserie, Moss, and Barasi (1992) studied the effect of CAL tutorials on 143 iirst 
year medical students' attitudes toward using CAL in a Physiology course. \ 
questionnaire was used for the evaluation of students' attitude toward CAL. The 
results revealed that students had positive attitudes toward CAL but they were not 
prepared to rely entirely on CAL and also, there was no significant relationship 
between students' attitudes toward CAL and their achievement in this course. In a 
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study by Baltzis and Koukias (2009), students completed a circuit simulation task 
individually prior to performing a laboratory experiment in pairs. This integration of 
simulations tools in teaching led to increased interest in the course. Results showed 
that their positive attitude towards the course were mainly due to the integration of 
simulations tools in teaching. Similar results were obtained by Ak^ay et al. (2003, 
2006). Also, Limniou, Papadopoulos, Giannakoudakis, Roberts, and Otto (2007) 
found that the students of experimental group, who participated in a pre-laboratory 
session with additional instruction including the use of the simulation, valued the 
opportunity to question the teacher in the pre-laboratory session, and that they found 
this teaching procedure useful. As a result, they felt more confident when they entered 
a laboratory and they understood better the theory behind the experiment than the CG 
students. They also found useful the collaboration with their peers. Finally, they 
agreed with the idea to have similar simulation programs created about other 
chemistry phenomena and experiments. Further, A§kar, Yavuz, and Koksal (1992) 
measured the attitudes towards computer assisted learning for a group of 137 fifth-
graders enrolled in a computer assisted science instruction. Positive attitudes towards 
learning from computers were found. 
Furthermore, Hartley and Treagust (2006) investigated the effects of 
introducing computers in the Physical Science classroom of grade 12 learners in a 
rural school in the Western Cape Province of South Africa and explored the 
perceptions held by these students given their limited exposure and experience of 
working with computers. The perceptions were collected by interviews conducted 
with both individual students and groups, and an instrument, called the Computer 
Assisted Learning Environment Questionnaire (CALEQ), that was specifically 
developed for the school's context. The learners' responses indicated that they 
considered the inclusion of computers as improving their learning, while clearly 
articulating the importance of including the computers for teaching and learning from 
earlier grades. A need for more computers to create opportunities to work individually 
was also strongly indicated. Likewise, Wu and Huang (2007) administered a self-
report questionnaire on teacher-centered (TC) and student-centered (SC) technology-
enhanced classes after they completed the instructional unit in order to measure 
emotional engagement that involves students' emotions, anxiety, and interests to 
technology-based learning activities. Students in the SC class reported having higher 
60 
emotional engagement in a technology-based learning environment. The results of 
item analyses showed that students in the SC class reported having significantly lower 
anxiety level, higher confidence, and more positive attitude toward using computers 
for learning. It seems that choice and opportunities to use simulations and manipulate 
variables could have positive impact on students' emotional engagement. Further, 
Yalcinalp, Geban, and Ozkan (1995) examined the effect of a CAI tutorial, used as a 
problem-solving supplement to classroom instruction, on students' attitudes to^vard 
the use of CAI in a Chemistry course. The data were analyzed using two-way anaysis 
of variance and t-test. It was found that there was a significant improvement ir the 
attitudes of students in the experimental group toward computerized instruction in a 
Chemistry course. But, Morgil et al. (2003, 2005) found that the attitude towards 
computer did not influence the achievement scores of experimental group. 
A number of researchers had reported inconclusive findings regarding the 
effects of CAI on students' attitude towards CAI (Cracolice & Abraham, l')96; 
Dalgamo, Bishop, Adlong, & Bedgood, 2009; Erdogan, 2009). Cracolice and 
Abraham (1996) investigated the effects of computer assisted instruction and semi-
programmed instruction as replacements for traditional recitation and discussion, on 
students' attitudes toward instruction in General Chemistry. The results showed that 
the semi-programmed instruction group had the most positive attitude followed by the 
computer assisted instruction group and then, the traditional group. This was due to 
the interaction between students' attitudes toward instruction and problem-sohing 
performance in General Chemistry. Similarly, Erdogan (2009) compared the effects df 
paper-based and computer-based concept mappings on computer attitude of the eight 
grade secondary school students. The students were randomly allocated to tliree 
groups and were given instruction on computer hardware. The teaching methods used 
for each group were the conventional method, paper-based concept mapping and 
computer-based concept mapping. At the end of a 4-week instruction, posttests were 
administered to assess computer attitude of the students. The findings indicate ihat 
paper-based and computer-based concept mapping strategies produce better results 
than the conventional method. However, the effects of paper-based and computer-
based concept mapping strategies were not significantly different. Further, Dalgarno 
et al. (2009) designed a study to assess the usefulness of the Virtual Laboratory as a 
preparatory tool for university chemistry students studying at a distance, in advance of 
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their residential school laboratory sessions, and to find out the degree to which 
preparation using the Virtual Laboratory would reduce the anxiety of students and 
increase their confidence as they approached the laboratory sessions, as well as the 
degree to which it would improve their efficiency in the laboratory. It was found that 
only a minority of the students (29%) chose to use the Virtual Laboratory, those who 
did in general found it useful, but they were not able to identify a clear effect on the 
confidence and anxiety of students. It appeared that the students' lack of confidence 
with their ability to understand the chemistry concepts and with their ability to carry 
out the mathematical calculations involved in the laboratory experiments were more 
important problems for many students. 
A large number of studies included reports of teacher and student perceptions 
of learning content knowledge with the aid of computer simulations. In all cases, 
results indicated that most participants believed the simulations contributed positively 
to students' understandings (Eichinger, Nakhleh, & Auberry, 2000; Zacharia, 2003, 
2005; Zacharia, Olympiou, & Papaevripidou, 2008). During focus group discussions 
conducted by Eichinger et al. (2000), students cited several perceived advantages of 
using computer lab modules integrated into their introductory non-majors biology 
course, including the flexibility of the program, the ability to cover more topics in a 
shorter time period, the ability to work at their own pace, and to quickly run and 
repeat experiments. Additionally, students consistently reported that the programs 
helped them to visualize and clarify the concepts involved in the experiments; no 
quantitative evidence was collected to show that the programs influenced their 
knowledge, however. Other responses indicated that prior familiarity with a topic was 
necessary to reap maximal benefit from the simulation. Zacharia has undertaken a 
series of investigations considering the combined use of traditional instructional tools 
and computer simulations (Zacharia, 2003, 2005; Zacharia et al., 2008). Each had 
involved pre- and in-service teachers enrolled in a semester-long conceptual-based 
physics course. Zacharia (2003) investigated the effect of using computer simulation 
lab activities, traditional lab activities, and a combination of the two on teachers' 
beliefs and attitudes toward using these resources in their teaching. Prior to the 
course, participants had little to no experience with simulations and preferred 
traditional hands-on inquiry-based labs alone to simulations or a combination of 
interventions. However, after the course, the majority believed that the combination of 
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a simulation and hands-on inquiry-based lab had the most advantages to offer to 
teaching and learning. The authors concluded that the exposure to the combination of 
interventions in the methods course positively impacted participants' beliefs, attitudes 
toward, and intentions to integrate computer simulations into their instruction. 
Subsequent studies supported the conclusion that a combination of approaches may be 
more valuable than physical manipulatives alone, both in promoting more 
sophisticated scientific explanations and reasoning about natural phenomena 
(Zacharia, 2005) and in promoting science content knowledge and concejrtual 
understanding (Zacharia et al., 2008). 
Bear (1984) considered the attributes of the courseware in the use of CAl as 
critical to its success. While many variables influence the success of CAI, it is safe to 
assume that the type of CAI used, as well as the subject matter of investigation, will 
affect the outcomes of the CAI research (Hodgson, 1995). In looking specifically at 
studies in which CAI has been used in chemistry education, some research shoucd 
that CAI served to enhance achievement (Geban, Askar, & Ozkan, 1992; Prey, 1996). 
The extent to which CAI could facilitate students' development of higher-level 
thinking skills associated with scientific inquiry was investigated by Maor and Taylor 
(1995). In two classes, students' interactions with a scientific database were closely 
monitored, and the mediating roles of the seven high school teachers' epistemologies 
were examined. The results of their study indicated that although the use of the 
computers in inquiry-based science classrooms offered the potential to facilitate 
students' higher-level learning, the teachers' epistemologies continued to perform a 
central role in mediating the quality of student learning. The authors concluded that 
teachers who adopted constructivist pedagogies which promoted both the personal 
and social processes of knowledge construction were more likely to enable students to 
better exploit the potential of computerized data bases for developing the higher-level 
thinking skills associated with scientific inquiry. 
In India, a few researchers had studied the students' attitude and reactions 
towards CAI and their perceptions regarding various features of different CAI 
software. For instance, Khirwadkar (1998) concluded that a majority of experimental 
group students had positive attitude about various aspects of software package 
especially regarding presentation of content, logical sequencing and language used for 
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understanding the content. In another study, Dalwadi (2001) found students' opinions 
toward the CAI to be favourable as far as the statements related to the interest, mode 
of presentation, content clarity and the questions asked in the CAI were concerned. 
Similarly, Patel (2008) and Parmar (2013) also reached to the same conclusion. 
2.6 CAI Learning Environment 
Since the mid 1980s, a number of studies have been conducted to study the 
CAI learning environment and its effects on attitude and achievement. Maor and 
Fraser (1993) examined the perceptions held by 120 students and seven teachers of 
the learning environment in their inquiry-based computer classrooms by 
administering the Computer Classroom Environment Inventory (CCEI). This 
inventory measured the classroom environment on five scales - Investigation, Open-
Endedness, Organization, Material Envirormient, and Satisfaction - had six items in 
each scale, and the responses were on a five-point Likert scale: Never, Seldom, 
Sometimes, Often, and Very Often. Both student and instructor forms of the inventory 
were designed. Within the inquiry-based computer classroom, the authors found an 
increase in student-perceived investigation and open-endedness, indicating a 
supportive learning environment for the development of inquiry learning and also the 
promotion of higher-level thinking skills. Although teachers' and students' 
perceptions showed a similar trend, teachers' perceptions were more positive than 
those of the students in terms of open-endedness, organization, and material 
environment. They also reported a change in the teacher's role from lecturer and 
conclusion-drawer to initiator and facilitator while using the computer to teach 
science; similar findings were reported by Ryba and Anderson (1990). During the 
same period, Teh and Fraser (1993) studied the learning environment associated with 
the use of computer-assisted learning in school geography classes in Singapore. They 
developed and validated a new classroom environment instrument, namely, 
Geography Classroom Environment Inventory (GCEI) specifically for the unique 
setting of computer-assisted learning. The four scales in this instrument - Gender 
Equity, Investigation, Innovation, and Resource Adequacy - differentiated 
significantly between perceptions of students in different classrooms. Moreover, the 
use of CAI led to a high impact in terms of achievement, attitudes, and classroom 
environment. The authors concluded that there was considerable scope to make use of 
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GCEI for computer-assisted learning environments in replicating the evaluation study 
of innovations in CAI as well as their investigation into the effects of CAI learning 
environment on student learning outcomes. A§kar, Yavuz, and Koksal (1992) 
measured the perceptions of the difference between the computer assisted instruction 
environment and conventional classroom for a group of 137 fifth-graders enrolled in a 
computer assisted science instruction. Perceptions of the students were in favour of 
the computer assisted instruction. 
In a study of computer laboratory enviromnents, Zandvliet and Fraser (1998) 
looked at three aspects, namely, the physical environment, the psychosocial 
environment, and the information technology environment. For the physical 
environment, they developed an instriiment called the Computerized Classioom 
Ergonomic Inventory (CCEI), which had five physical variables which were grouped 
into the domains of workspace, computer, visual and spatial envirormients, togetiier 
with a measure of overall air quality. The psychosocial enviroimient was measured by 
using five scales of the What is Happening in This Class (WIHIC) questionnaire 
(Fraser, Fisher, & McRobbie, 1996). These are Student Cohesiveness, Involvement. 
Autonomy, Task Orientation, and Cooperation. The questionnaires were administered 
to 1404 secondary school students in 81 classes. The results showed that there v\ere 
significant correlations between the visual environment and both student cohesiveness 
and task orientation. There were also correlations between all psychosocial 
environment variables and student satisfaction, with regression analysis showing 36% 
of the variance in satisfaction may be accounted for by task orientation and autonomy; 
a similar result was obtained by Khoo and Fraser (1997). 
Results of studies conducted over the past 40 years have provided convincing 
evidence that the quality of the classroom environment in schools is a significant 
determinant of student learning (Fraser, 2007, 2012). That is, students learn better 
when they perceive their classroom envirorunent as more positive. Many of these 
studies have controlled for background variables with students' perceptions oJ' the 
classroom environment accounting for appreciable amounts of variance in learning 
outcomes, often beyond that attributable to background student characteristics 
(Dorman & Fraser, 2009). Recent studies have substantiated this position. For 
example, Kerr, Fisher, Yaxley and Fraser (2006) established positive relationships 
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between classroom environment and attitudinal outcomes in Australian science 
classes. Associations with students' cognitive and affective outcomes have been 
established, using the SLEI, for a sample of approximately 80 senior high-school 
chemistry classes in Australia (Fraser & McRobbie, 1995), and 1,592 grade 10 
chemistry students in Singapore (Wong & Fraser, 1996). 
Wong, Young and Fraser (1997) investigated associations between three 
student attitude measures and a modified version of the SLEI (Science Laboratory 
Environment Inventory) involving 1,592 grade 10 students in 56 chemistry classes in 
Singapore. In India, Koul and Fisher (2006) found positive associations between 
scales of the WIHIC questionnaire and students' attitude towards science. Similarly, 
Telli, Cakiroglu and den Brok (2006) found positive associations between scales of 
the WIHIC and students' attitude to biology in Turkish high schools. Telli, den Brok 
and Cakiroglu (2010) investigated the associations between teacher-student 
interpersonal behaviour and students' attitudes to science using the QTI with an 
attitude questionnaire for a sample of 7,484 grade 9-11 students from 278 classes in 
55 public schools in 13 major Turkish cities. Their results revealed that the influence 
dimension of the QTI was related to student enjoyment, whilst the proximity 
dimension was associated with attitudes to inquiry. A few researchers have also 
investigated the relationship between learning environment, attitudes and achievement 
in middle schooling science classes and found positive results (Wolf & Fraser, 2008). 
2.7 Critical Appraisal of the Reviewed Literature 
The investigations of C AI in science during the past three decades have moved 
the field steadily forward. The diversity of software represented by these studies, with 
various instructional strategies and objectives, makes it impossible for a 
comprehensive synthesis to be made of the studies' instructional outcomes and 
research results. Research with CAI has examined science learning in a wide variety 
of content topics. Many other investigations achieved mixed results with short-term 
treatments, where it is likely that longer-term interventions would have yielded more 
positive results. The reviewed studies that compared the application of CAI with 
traditional instruction seem to indicate that traditional instruction can be successfully 
enhanced by using CAI. Within traditional education they can be a useful add-on, for 
example serving as a pre-laboratory exercise or visualization tool. In most cases, CAI 
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showed improved learning outcomes. With regard to the cognitive domain, use of 
CAI appears to facilitate students' conceptual understanding. Studies that specifically 
focused on using computer simulations as pre-laboratory exercise tools conclude that 
they can effectively support familiarization with the laboratory, improve students" 
cognitive focus, lead to better comprehension of the techniques and basic concepts 
used in laboratory work, and better understanding. Thus, the results of research on the 
enhancement of traditional instruction with CAI are promising. However, a word of 
caution is warranted, as short-term increased understanding does not necessarih lead 
to meaningful learning over the long term, and most studies in this category 
investigated only short-term results. In order to ensure that meaningful learning takes 
place, it is necessary to attune teaching strategies and the curriculum to the use of C AI 
and vice versa, as by focusing curriculum on the development of scientific reasoning 
skills. 
A number of methodological concerns justify caution in interpreting and 
generalizing the findings of several studies. For example, pre-tests were included for 
some, but not all studies. Without pretests or random assigrmient, group equivalency 
is not confirmed, rendering treatment comparisons difficult to interpret. Sampling 
methods were not clearly mentioned in a few studies. Furthermore, several studies did 
not include a comparison or control group. In these cases, the question remains 
whether students would have learned as much without CAI, under traditional 
instruction. In those studies that employed a variety of instructional intervention.s. the 
contribution of CAI to student outcomes is uncertain without appropriate controls. 
Both the participants' familiarity and comfort with computers may have influenced 
their results. Teacher preparedness is another concern. While a number of teachers 
involved were described as familiar with CAI and its modes, it is not clear how well 
they were prepared to use them to teach science concepts. Additionally, the teacliers" 
views of technology and preferred teaching styles may have influenced outcomes. 
Such teacher differences may be particularly significant in studies concemt d with 
whole-class teaching approaches, considering that the teacher plays a dominant role in 
organizing and facilitating learning activities in this setting. In other cases, instruction 
was guided by the researchers rather than the teacher. Whether the same findings 
would have been found in a typical classroom setting is left to be determined. 
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Novelty effects are another concern, particularly in the earliest studies when 
computers were not as prevalent in science classrooms. In early studies, the traditional 
classroom instruction was not clearly described, making comparisons across studies 
problematic. A number of reviewers have also raised the question of whether equal 
effort was devoted to developing and implementing experimental and control 
activities, suggesting that greater efforts toward the CAI-based learning experiences 
may have resulted in superior instruction. Finally, numerous concerns arose with the 
instruments utilized in these studies. Information regarding instrument reliability and 
validity was omitted for several studies, calling into question the appropriateness of 
the measures and interpretations made. 
The effect of CAI on attitudes toward Physical Science is not as well 
researched as the effect on achievement. However, it appears that the results reported 
by the reviewed studies are equally as varied. A number of research studies have 
shown that CAI promotes positive attitude towards Physical Science. Similarly, the 
findings, as reported by the studies reviewed in this chapter, concerning the impact of 
CAI upon achievement in Physical Science are extremely variable. There is a 
significant amount of research that suggests that CAI does lead to some degree of 
improvement in achievement. If, as other research investigations have shown, there is 
a correlation between positive attitudes toward CAI and attitude towards science; 
positive attitudes toward CAI and achievement in science; as well as between positive 
perceptions of CAI learning environment and attitude towards science; between 
positive perceptions of CAI learning environment and achievement in science, CAI 
may have an indirect effect on achievement by promoting positive attitudes. However, 
the research studies cited in this chapter do not provide conclusive evidence that CAI 
will always or will most often promote positive attitudes toward Physical Science or 
increase achievement in Physical Science. Thus, in order to clarify the mixed results 
reported on the effectiveness of CAI on students' attitude towards and achievement in 
Physical Science, the limitations addressed in this review were taken care of in this 
study. Clear descriptions of the treatment conditions were given. Questions of teacher 
preparedness and CAI quality were addressed. To achieve this goal, a sample of 
appropriate size was selected and a variety of tools were developed, validated, and 
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RESEARCH DESIGN AND METHODOLOGY 
The present study was designed to study the effects of computer assisted 
instruction (CAI) on secondary school students' attitude and achievement in Physical 
Science as compared to traditional teaching. The present research was a 
developmental cum experimental research. This study was conducted in two phases. 
During the first phase, development of tools and pilot study of multimedia CAI 
software were carried out, the detailed description of which is provided in chapter 4. 
In the second phase, effectiveness of the CAI software was checked. For checking its 
effectiveness, a randomized pretest-posttest control group design was implemented to 
determine any differences in their attitude and achievement. Pre- and )3ost-
intervention data were collected and analyzed using descriptive and inferential 
statistics. 
In the present study, one of the quantitative research methods, namely, 
experimental research method was utilized to test the hypotheses proposed. 
Quantitative research approaches are applied in order to describe current conditions, 
investigate relationships, and study cause-effect phenomena. Studies that provide 
information about cause-effect outcomes are called experimental research. The 
experimental research is the only type of research that can test hypotheses to establish 
cause-effect relationships. True experimental research provides the strongest results of 
any of the quantitative research approaches because it provides clear evidence for the 
links between variables. As a result, it also offers generalizability, or applicabilit\ of 
findings to settings and contexts different fi-om the one in which they were obtained. 
The steps in an experimental study are basically the same as in other types of 
research: selecting and defining a problem, selecting participants and measuring 
instruments, preparing a research plan, executing procedures, analyzing the data, and 
formulating conclusions. An experimental study is guided by at least one hypothesis 
that states an expected causal relationship between two variables. The experiment is 
conducted to confirm (support) or disconfirm (refute) the experimental hypothesis. In 
experimental research, the researcher manipulates at least one independent variable, 
controls other relevant extraneous variables, and observes the effect on one or more 
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dependent variables. He controls both the selection and assignment of the participants 
to groups. That is, he randomly selects participants from a well-defined population, 
then randomly divides them into two or more groups so that they have similar initial 
characteristics, and then randomly assigns these groups to different treatment 
conditions. He can also control the conditions in the research settings, such as when 
the treatments will be applied, by whom, for how long, and under what circumstances. 
After the groups have been exposed to the treatment for some period of time, the 
researcher collects data on the dependent variable from the groups and determines 
whether there is a significant difference between them. In other words, using 
statistical analysis, the researcher determines whether the treatment made a real 
difference. It is the ability to randomly select and randomly assigns participants to 
treatments that makes experimental research unique. The random assignment of 
participants to treatments, which is also called the researcher's manipulation of the 
treatments, is the distinguishing aspect of experimental research (Gay, Mills, & 
Airasian, 2006). 
In an experimental study, a researcher varies or manipulates an independent 
variable and assesses its effects on a dependent variable. A cause-and-effect 
relationship between an independent variable and a dependent variable is present 
when changes in the independent variable tend to cause changes in the dependent 
variable. The independent variable manipulated by the researcher in an experimental 
study is referred to as the experimental treatment or intervention. The independent 
variable, also called the causal, experimental, or treatment variable, is that treatment 
or characteristic believed to make a difference in dependent variable. The variable 
that is measured to determine the effects of the experimental treatment usually is 
referred to as the post-test, dependent variable, or criterion variable. If this variable is 
also measured before administering the experimental treatment, this measure is called 
a pre-test. The dependent variable, also called the criterion, effect, or post-test 
variable, is the outcome of the study, the change or difference in groups that occurs as 
a result of the independent variable. The dependent variable may be measured by a 
test or some quantitative measure. Thus, in an experimental study, researchers look at 
the effect(s) of at least one independent variable on one or more dependent variables. 
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Researchers in an experimental study try their best to control the effects of all 
the possible extraneous variables on the dependent variable as measured by a post-
test. An extraneous variable is any variable other than the independent variable that, 
if not controlled, can affect the experimental outcome. If extraneous variables arc not 
controlled, it caimot be known whether observed changes in the posttest and hence, in 
groups are due to the experimental treatment or to some extraneous variables. Control 
refers to the researcher's efforts to remove, minimize, or hold constant the influence 
of any variable (extraneous variable) other than the independent variable that might 
affect performance on the dependent variable. Researchers ensure that the groups are 
as similar as possible on all confounding extraneous variables and different onh on 
the independent variable so that any difference noted on the dependent variable will 
be due to the manipulation of the independent variable. Thus, control generally rel'ers 
to achieve constancy of effect of extraneous variables. 
When research participants are randomly assigned to various groups each 
participant has an equal probability of being assigned to each group, and the variables 
they bring with them are also randomly assigned. Therefore, the groups are similar on 
these variables, and any differences that do exist will be due to chance. Since random 
assignment controls for both known and unknown variables, therefore it is considered 
as the best technique for equating the groups on all variables at the start of an 
experiment and should be used whenever and wherever possible. When random 
assignment is done, the researcher can claim that changes on the dependent variable 
are caused by the independent variable that was systematically manipulated b> the 
researcher. Any uncontrolled extraneous variables affecting performance on the 
dependent variable are threats to the validity of an experiment. An experiment is valid 
if resuhs obtained are due only to the manipulated independent variable and it they 
are generalizable to participants or contexts beyond the experimental setting. Fhese 
two criteria are referred to, respectively, as the internal validity and external validity 
of an experiment. Therefore, it is very important to control extraneous variables 
because some of them are threats to internal validity, others are threats to external 
validity, and some may be threats to both internal validity and external valid] t\ of an 
experiment (Gay, Mills, & Airasian, 2006). 
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Thus, an experimental study usually involves a comparison of two groups of subjects, 
an experimental group and a control or a comparison group, although it is possible to 
conduct an experiment with only one group (by providing all treatments to the same 
subjects) or with three or more groups. The group that receives the new treatment is 
called the experimental group. The group that receives a different treatment or is 
treated as usual is called the control group. The control group is crucially important in 
all experimental research, for it enables the researcher to determine whether the 
treatment has had an effect or whether one treatment is more effective than another. 
3.1 Population of the Study 
Best and Kahn (2006) defined a population as "any group of individuals that 
have one or more characteristics in common which are of interest to the researcher". 
Secondary school students, particularly those studying in class X, from Aligarh, Uttar 
Pradesh, India constituted the target population of the present research study. 
3.2 School and Setting 
This study was conducted in Ayesha Tarin Modem Public School, a senior 
secondary school (grades Nursery to Class XII) located in Aligarh district, Uttar 
Pradesh, India, serving approximately 4500 students. This school is affiliated to 
C.B.S.E., New Delhi, where the medium of instruction is in English. It is one of the 
largest senior secondary schools in the district and draws students from a majority of 
lower, middle and upper class families with a wide range of educational backgrounds. 
It has a good reputation as far as the academic performance of its students is 
concerned. As per purposive sampling technique, the investigator selected this school. 
In other words, this school was purposively selected. The willingness of the 
administration and teachers to collaborate with the researcher, their interest and 
readiness to contribute to scientific knowledge, and the school's technological 
equipments (particularly, the availability of multimedia projectors and two identical 
computer labs) were the main criteria in the selection of Ayesha Tarin Modem Public 
School as the field of study. 
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3.3 Sample 
Sample refers to a small proportion of population selected for observation and 
analysis. Wiersma (2000) defines sample as "a subset of the population to which the 
researcher intends to generalize the results". By observing the characteristics of the 
sample, one can make certain inferences about the characteristics of the population 
fi-om which it is drawn as sample is a small representation of the population. Samples 
are not selected haphazardly rather they are chosen in a systematic way according to 
some rule or plan so that they are representative of the population. 
The subjects of the present study included 210 students who were enrolled in 
class X (session 2011-12) in Ayesha Tarin Modern Public School, Aligarh, Uttar 
Pradesh, India. Using a table of random numbers, these students were reindomly 
assigned to 6 sections, each section consisting of 35 students. Further, the three 
teaching approaches were randomly assigned to these 6 sections in such a way that the 
2 sections were subjected to traditional teaching, another 2 sections were subjected to 
teacher-centered CAI (TCCAI) and the remaining 2 to student-centered CAI 
(SCCAI). In other words, 2 sections, subjected to traditional teaching, were 
considered as control group and the remaining 4 sections, subjected to CAI, were 
considered as experimental groups: 2 sections as teacher-centered CAI experimental 
group and the remaining 2 sections as student-centered experimental group. 
Moreover, two teachers were also randomly assigned to these sections so that each 
teacher had three sections to teach by making use of each type of teaching approach. 
This was done to minimize teacher differences and bias. Thus, a total of 210 students 
and 2 teachers (including investigator) were selected as participants for this study. 
Table 3.1 provides the group-wise distribution of the sample by showing that 
each group consisted of 70 students. Figure 3.1 presents the group-wise distribution of 
the sample by percentage. 
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Table 3.1 













I Control Group TCCAI Group ISCCAI Group 
Figure 3.1 Group-wise Distribution of the Sample 
Table 3.2 provides the gender-wise distribution of the participants in the three 
groups. Control group consisted of 41 male and 29 female students; 42 male and 28 
female students constituted the TCCAI group; while the SCCAI group consisted of 43 
male and 27 female students, as shown in Figure 3.2. 
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Table 3.2 
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Figure 3.2 Gender-wise Distribution of Participants in each Group after Random 
Assignment 
3.4 Research Design 
Research design may be referred to as the plan, structure and strategy of 
investigation conceived so as to obtain answers to research questions and control 
variances (Kerlinger, 1973). Research design refers to the outline, plan, or strategy 
that is used to answer research questions. Planning a research design means 
specifying how the participants are to be assigned to experimental and control groups, 
how to control for potentially confounding extraneous variables, and how to collect 
and analyze the data (Johnson & Christensen, 2012). The research design therefore 
enables the researcher to anticipate what the appropriate research decisions should be 
so as to maximize the validity of results. It is critical that the choice of research design 
be appropriate to the subject under investigation (Patton, 1987). 
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In this study, a randomized pretest-posttest control group design (Campbell 
and Stanley, 1966) was used because it is a true experimental design which controls 
for nearly all sources of internal and external invalidity. The pretest-posttest control 
group design requires at least two groups of research participants, an experimental 
group and a control group, each of which is formed by random assignment; both 
groups are pre-tested on the dependent variable, each group receives different 
treatment (independent variable), and both groups are post-tested on the dependent 
variable at the end of the study. Post-test scores are compared to determine the 
effectiveness of the treatment. The pretest-posttest control group design may also be 
expanded to include more than one experimental group (Gay, Mills, & Airasian, 
2006), as was done in this study. 
For the three groups involved in the present experimental study, randomized 
















where, CG represents the control group, subjected to the traditional teaching approach 
(XA); EGI represents Experimental Group 1, subjected to the TCCAI approach (XB); 
and EG2 represents Experimental Group 2, subjected to the SCCAI approach (Xc). T] 
and T2 represent the Physical Science Attitude Scale (PSAS) and Physical Science 
Achievement Test (PSAT) respectively. 
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This design is diagrammatically represented in Figure 3.3. 
Control Group 














Assigned to TCCAI Group 
(2 Sections of 35 
students each) 
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students each) i^  
Figure 3.3: Diagrammatic Representation of Randomized Pretest-Posttest 
Control Group Design 
In order to measure students' attitude towards Physical Science and their 
achievement in Physical Science, PSAS and PSAT were administered as pre-tests and 
post-tests respectively to students in all the three groups at the beginning and end of 
the treatment. CAl Attitude Scale (CAIAS) and CAI Environment Scale (CAIES) 
were administered only to the students of both the experimental groups (TCCAI and 
SCCAI) at the end of the treatment, in order to predict their attitude and achievement 
in Physical Science using CAI Attitude subscales and CAI Environment subscales as 
predictors. 
Thus, in this design, the independent variable was the intervention or 
treatment (Traditional Teaching, TCCAI, and SCCAI). The dependent variables were 
post-test scores on PSAS and PSAT respectively. Control variables or covariates were 
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pre-test scores on PSAS and PSAT respectively. Latent variables were CAI Attitude 
subscales and CAI Environment subscales, which were used as predictors of attitude 
and achievement in Physical Science for TCCAI and SCCAI groups. 
3.4,1 Rationale for using Pretest-Postlest Control Group Design 
The pretest-posttest control group design was used in the present study due to 
the following reasons: 
1. The use of the pre-test provides the researcher with a means of checking 
whether the two groups are really similar at the beginning of an experiment -
that is, whether random assignment actually succeeded in making the groups 
equivalent. A pre-test is also necessary if the amount of change over time is to 
be assessed, as was the case in this study (Fraenkel & Wallen, 2012). 
2. It is an excellent experimental design because it effectively controls for the 
eight threats to internal validity originally identified by Campbell and Stanley: 
history, maturation, testing, instrumentation, regression, selection, mortality, 
and selection interactions (Gall, Gall, & Borg, 2003). 
3. The combination of random assignment and the presence of a pre-test and a 
control group serve to control tbr all sources of internal invalidity. Random 
assignment controls for regression and selection factors; the pre-test controls 
for mortality; randomization and control group control for maturation; and the 
control group controls for history, testing, and instrumentation. 
Instrumentation and testing are controlled because if pre-testing leads to 
higher posttest scores, the advantage should be equal for both the control and 
experimental groups (Gay, Mills, & Airasian, 2006). 
4. The only weakness in this design is a possible interaction between the pre-test 
and the treatment. That is, treatment might produce significant effects only 
because a pre-test was administered. When it is tried on a group which has not 
been pre-tested, the treatment might not work as well (Gall, Gall, & Borg, 
2003). This interaction may affect the external validity of an experiment and 
thus, may make the results generalizable only to other pretested groups. The 
seriousness of this potential weakness depends on the nature of the pre-test, 
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nature of the treatment, and the duration of the study (Gay, Mills, & Airasian. 
2006). In this study, this interaction was minimized by the non-reactive nature 
of the pre-test (numerical problems and chemical equations), and b) the 
duration of the study (8 weeks). 
3.4.2 Internal Validity 
Fraenkel, Wallen, and Hyun (2012) have identified ten threats to mternal 
validity. In order to control or minimize these threats, they also have suggested certain 
techniques or procedures which were followed in this study. They are presented in 
Table 3.3. 
Table 3.3 













a. Instrument Decay 
b. Data Collector 
Characteristics 
c. Data Collector Bias 
Testing 
History 
Techniques or Procedures 
Random assignment was used. In addition, 
ANCOVA was conducted to control for the 
effect of pre-test (used as a covariate). 
However, because the loss was the same in 
all groups, mortality was not a problem. 
Control and TCCAI groups were 
administered treatments in their respective 
classrooms throughout the course of the 
study. SCCAI group was administered 
treatment in the same computer labs 
throughout the course of the study. 
Attitude scales and multiple-choice 
achievement test were used. They were 
scored on set standard rules by the 
investigator. 
The groups were administered instruments by 
their respective instructors at pre-test and 
post-test stages. 
The instructors were provided with standard 
procedures for administering the instruments 
during the training period. 
Presumably the pre-test would affect all 
groups equally. 
During the course of the study, no unusual 
events occurred that might affect the groups' 







Attitude of Subjects 
Regression 
Implementation 
a. Implementer's Bias 
Science. 
Random assigrmient was used. Moreover, the 
instructors teach each method over the same 
time period. 
To control for any novelty or Hawthorne 
effect, no special attention was given to any 
of the groups. 
Random assignment was used. 
Instructors were trained before administering 
the treatments. 
Each of the two instructors taught students of 
control, TCCAI and SCCAI groups 
respectively, that is, each instructor made use 
of the three instructional methods. Moreover, 
two observers monitored each of the two 
instructors, while they were teaching. 
3.4.3 External Validity 
External Validity is the extent to which the findings of an experiment can be 
applied to individuals and settings beyond those that were studied. Bracht and Glass 
(1968) identified twelve factors that affect an experiment's external validity. These 
factors arise due to the conventional experimental designs used by educational 
researchers (Gall, Gall, & Borg, 2003). Snow (1974) criticized conventional 
experimental design for its artificiality and lack of generalizability. He used the term 
"systematic design" to characterize the typical form of experimentation. In systematic 
design, a few treatment variables and pretest-posttest measures are administered. All 
other variables are either controlled or ignored. The problem with systematic design is 
that it often produces artificial learning situations and unnatural behaviour in the 
learner. He advocates instead the use of "representative design" to combat these 
problems and also to increase the generalizability of findings fi-om experiments. 
Representative design is a process for planning an experiment so that it accurately 
reflects both the real-life environments in which learning occurs and the natural 
characteristics of learners. Snow suggests compromises that can make experiments 
more representative (Gall, Gall, & Borg, 2003). The following recommendations, 
given by Snow (1974), were followed in this study in order to minimize the threats to 
external validity: 
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1. The present study was conducted in the actual educational setting of a senior 
secondary school as the investigator would like to generalize the findings of 
this study to similar environments prevailing in other secondary schools. 
2. Since the purpose of this study was to evaluate the relative effectiveness of 
traditional teaching and two new instructional methods (TCCAI and SCC Al). 
therefore two instructors were involved in making use of each of the three 
methods. This situation is quite similar to real situations in schools, where 
more than one teacher teaches a particular academic subject to different 
sections of a class. 
3. In the present study, not only the respective instructors but also the principal 
of the school and the investigator's supervisor observed what students actually 
were doing during the experiment. These observations were quite helpful in 
interpreting the results of this study. 
4. Participants were properly trained prior to the start of intervention period. 
Instructors and only students of SCCAI group were trained in using 
multimedia CAI software. 
3.5 Intervention 
In the present study, the following three types of teaching formats or 
intervention (treatment) were adopted in order to study their effects on students' 
attitude and achievement in Physical Science: 
1. Traditional Teaching 
2. Teacher-centered CAI 
3. Student-centered CAI 
The details of each of these interventions (instructional methods) have been 
provided in the later part of this chapter. 
3.6 Instruments 
The following two types of instruments were used in the present study: 
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1. Intervention Instruments 
2. Dependent Measure Instruments 
3.6.1 Intervention Instruments 
The following instruments were used in the intervention period: 
1. Science Textbook for Class X 
2. Multimedia CAI Software 
3.6.1.1 Science Textbook for Class X 
It was published by National Council of Educational Research and Training 
(NCERT), New Delhi, India and used by all CBSE affiliated schools in India. 
Although it acted as the standard and basic instrument which was usually consulted 
by the instructors for each of the groups involved, it was used as the main intervention 
instrument for the control group. The following four chapters from this textbook were 
covered during this study: 
1. Light - Reflection and Refraction (Physics) 
2. Human Eye and the Colourful World (Physics) 
3. Acids, Bases, and Salts (Chemistry) 
4. Metals and Non-Metals (Chemistry) 
3.6.1.2 Multimedia CAI Software 
Multimedia CAI Software, developed by the investigator with the help of a 
computer software expert, was used in this study as an intervention instrument for 
both TCCAI and SCCAI experimental groups. It is a muhimedia computer assisted 
tutorial program. It matches the curriculum content of the tenth grade Science 
curriculum, prescribed by NCERT, New Delhi, in an orderly and engaging manner. It 
is a comprehensive system suitable for average and above average students, as well as 
for those having difficulties in Physical Science. It is an educational tool designed to 
support class X science teaching and learning activities. This instructional software is 
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a dynamic creation and investigation tool tiiat enables students to explcrc and 
understand science in alternative ways, which is not easy to do with traditional tools. 
It was created through consideration of basic teaching methods that respond to 
the cultural, psychological and cognitive needs of the target population, as vvcll as 
contemporary teaching and learning methods which help students gain positive 
attitudes towards Science. Suitable attention was paid to the issues of learner c oiitrol. 
feedback, interactivity, and flexibility. A proper sequence of learning materials was 
established to lead the students to the realization of the required objectives. A learner-
controlled strategy was employed so that students were free to begin from any point m 
the program regarding the subject topics of the unit, and also allowed to go back and 
forth within the sections of the chapter. Nevertheless, a carefully designed linear route 
was also built into the program so that any student who preferred instiuction 
scheduled by the computer could easily get it. The program required the students i^ ) be 
active by encouraging them to answer each question. Following their responses lo a 
question, immediate feedback as to the accuracy of their answers was provided After 
correct answers, the program provided feedback verifying that the answer was con ect. 
and after wrong answers, the program indicated that the response was inconeci. 
Feedback and exercises are included at the end of each unit which helps students lo 
evaluate their own knowledge learning. 
It included a series of interactive tutorials designed as a stand-alone alteraaii\e 
or supplement to science syllabus for class X. Throughout its instruction, the program 
was geared specifically towards tutoring students on each and every concept as it 
covered the various chapters of the prescribed syllabus. These tutorials provided 
students with opportunities to be tutored on all the topics of the prescribed syllabus. 
Through use of this software by the teacher, students were introduced to each topic 
for discussion in class. Students also used it for the purpose of helping them to 
explore and master each concept and difficult vocabulary. For the purposes ol 
preparing students for monthly tests and examinations, it can be used as a mechanism 
for reviewing concepts studied already and for self-testing and drill on central 
concepts. It can also be used for remediation in areas not wcll-lcamcd. 
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Students were able to perform the aforementioned tasks as the software 
offered instruction through the use of text, figures, and videos in addition to simple, 
engaging animations and simulations. Through the course of instruction, the students 
were also able to use inductive and deductive skills where appropriate, for example, in 
going through the process of a simulated experiment. Overall, the software was 
intended to assist students in mastering tenth-grade Science concepts through a series 
of interactive tutorials. 
3.6.2 Dependent Measure Instruments 
The following instruments or tools were used to collect data for this study: 
1. Physical Science Attitude Scale (PSAS) 
2. Physical Science Achievement Test (PSAT) 
3. CAI Attitude Scale (CAIAS) 
4. CAI Environment Scale (CAIES) 
PSAS, PSAT, and CAIAS were developed by the investigator. PSAT and 
PSAS were administered to control and experimental (TCCAI and SCCAI) groups 
prior to the beginning as well as at the end of the intervention period. CAIAS and 
CAIES were only administered to experimental groups at the end of the intervention 
period. 
3.6.2.1 Physical Science Attitude Scale (PSAS) 
A 30-item scale was developed by the investigator to measure the students' 
attitudes towards Physical Science (see Appendix D). This scale is Likert-typc scale 
and has five-option choices (Strongly Agree, Agree, Undecided, Disagree, and 
Strongly Disagree). Cronbach's alpha reliability coefficient of the total scale was 
0.93. It consists of 5 subscales or dimensions, namely, enjoyment, anxiety, 
confidence, career, and importance of science. 
3.6.2.2 Physical Science Achievement Test (PSAT) 
Students' achievement in Physical Science was measured using the Physical 
Science Achievement Test (PSAT) developed by the investigator (sec Appendix l-). 
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The instrument, containing 72 four-option, multiple-choice questions, was de\ eloped 
by the researcher. Four chapters from the textbook Science for class X. published by 
NCERT, New Delhi, were selected for this study. The test was based on these four 
chapters: (1) Light - Reflection and Refraction, and (2) Human F.ye and the Cdiourful 
World (Physics); and (3) Acids, Bases, and Salts, and (4) Metals and Non-Metals 
(Chemistry). The test was intended to determine the knowledge, comprehension and 
application levels of students related to the fundamental concepts of Physical Science. 
and their higher order thinking skills (HOTS) on recalling the relationships between 
concepts, and applying them to problems. Cronbach's alpha reliability coeffieient of 
the lolal test was 0.92. 
3.6.2.3 CAI Attitude Scale (CAIAS) 
A 30-item scale was developed by the investigator to measure the students" 
attitudes toward CAI (see Appendix G). This scale is Likert-type scale and has fi\e-
option choices (Strongly Agree, Agree, Undecided, Disagree, and Strongly Disagree). 
Cronbach's alpha reliability coefficient of the total scale was 0.92. ll consists of 5 
subscales or dimensions, namely, content presentation, assessment, individualization, 
integration, and perceived effectiveness. 
3.6.2.4 CAI Environment Scale (CAIES) 
This scale was developed by Askar, Koksal, and Yavuz (1991) to assess the 
perceptions of students about the difference between computer assisted instruetion 
and regular classroom environment (see Appendix H). The scale consists of 17 items. 
and they are scored on a three-point response scale: Increased (3), Same (2) and 
Decreased (1) for the positively worded items; the negatively worded items are 
reversed to a positive direction for scoring purposes. The authors used principal 
component analysis and identified three factors or subscales labeled as •cognitive 
dimension', 'cmofional dimension' and 'interaction dimension', fhey calculated the 
alpha reliability estimates of the total scale as 0.78 and of the three lac.ots or 
subscales, which are presented in Table 3.4. 
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Table 3.4 







The extent to which 
students perceive the 
cognitive aspects of CAI 
environment more useful 
than that of regular 
classroom 
The extent to which the 
students consider their CAI 
environment more 
emotionally sound and 
conducive for learning than 
that of regular classroom 
The extent to which 
students perceive the 
interaction among students, 
student-teacher interaction, 
and help from teacher more 
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Variables of this study can be categorized as follows: 
3.7.1 Independent Variables 
'fhe main independent variables were the instructional method (that is, 
treatment or intervention being implemented) and gender, having three levels 
(Traditional Teaching, TCCAI, and SCCAI) and gender having two levels (male and 
female) respectively. 
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3.7.2 Dependent Variables 
The dependent variables were students' post-test scores on Physical Science 
Attitude Scale (PSAS) and Physical Science Achievement Test (PSAT) respectively. 
3.7.3 Covariates 
The covariates were students' pre-test scores on PSAS and PSAT respectively. 
3.7.4 Latent Variables 
The latent variables were students' scores on subscales of CAI Attitude Scale 
(CAIAS) and CAI Environment Scale (CAIES) respectively. 
Besides this, a number of variables, such as grade level (class X) of students, 
teaching subject (Physical Science) and the equivalent instructional content and 
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Figure 3.5: Latent Variables used for explaining Variance in Dependent 
Variables 
3.8 Procedures for Data Collection 
The procedures for data collection consisted of the following phases which 
were carried out sequentially in order to complete this study: 
3.8.1 Development of Tools 
Multimedia CAI software. Physical Science Attitude Scale (PSAS), Physical 
Science Achievement Test (PSAT), and CAI Attitude Scale (CAIAS) were developed 
by the investigator, the details of which are given in chapter 4. 
3.8.2 Preparatory Phase 
(i) Seeking the Principal's Approval 
A formal request was presented to the principal of Ayesha Tarin Modem 
Public School, Aligarh, Uttar Pradesh, India, for conducting the present research 
study within school settings. The principal permitted the investigator to conduct the 
investigation within the school and also allowed her to meet the school's science 
faculty members and to observe the structure and facilities of the school's two 
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computer laboratories. After all this, it was then decided that a schedule or time lable 
would be worked out, between the lab assistants and science teachers as to the periods 
and days the science classes would be conducted in the classrooms and computer labs 
respectively (see Appendix I for the principal's letter). 
(ii) Training of Instructors 
Once schedules were planned out, suitable arrangements were made bi the 
training of participating teachers or instructors and lab assistants. A staff dcvcic'pinent 
workshop was conducted by the investigator with the help of a computer software 
expert, prior to the start of the study. The principal, intervention teacher, and two 
computer lab assistants participated in this 4-hour workshop which lasted for six days 
(40 minutes per day). It focused on the following: (a) research supporting the scope of 
CAI, (b) curricular components of the multimedia CAI software, (c) administration 
and scoring of pre-tcst and post-test, (d) training of students in the S( CAI 
experimental group, in using CAI software on an individual basis, (c) supplementing 
traditional teaching with CAI in TCCAI experimental group, (f) instructor's ole in 
each intervention, (g) sequence and design of the instructional activities, aid (h) 
implementation procedures for each intervention. 
fhe purpose of involving computer lab assistants in this workshop was to 
familiarize them with the CAI software to be used in this study. The computer 
software expert told them about the minimum requirements for its installation; liow to 
load, run, and work on it; and some basic trouble-shooting techniques that they could 
employ in case of some difficulty faced by them, the instructors, or students while 
using it. They were also given a handout containing all these information. 
(iii) Installation of Multimedia CAI software on Computers in Computer 
Laboratories 
The school had two computer labs which housed 37 and 39 netwotked 
computers respectively. The CAI software was installed on the master computer. 
Since all the computers in each lab were well-connected with one another via 1. \N. 
therefore CAI software could be accessed from any individual computer. 
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(iv) Assignment of Participants to Control and Experimental Groups 
Using a table of random numbers, 210 students, enrolled in class X were 
randomly assigned to 6 sections; each section consisting of 35 students. Further, the 
three teaching approaches were randomly assigned to these 6 sections in such a way 
that the 2 sections were subjected to traditional teaching, another 2 sections were 
subjected to teacher-centered CAI and the remaining 2 to student-centered CAl. In 
other words, 2 sections, subjected to traditional teaching, were considered as control 
group and the remaining 4 sections, subjected to CAI, were considered as 
experimental groups: 2 sections as teacher-centered CAI experimental group and the 
remaining 2 sections as student-centered cxpcrimcnlal group. Moreover, two teachers 
were also randomly assigned to these sections so that each teacher had three sections 
to teach by making use of each type of teaching approach. 
3.8.3 Pre-test Phase 
PSAS and PSAT were administered as pre-tests to students of all the groups 
three and two days prior to the intervention respectively by their respective 
instructors. The purpose of pre-testing was to account for any difltrences in students" 
attitudes and achievement that may have existed prior to beginning of the study. 
fo assure reliability of the instruments used, identical testing conditions were 
created for all groups at pre-test phase. Students were administered the instruments 
during their regular Physics or Chemistry class periods, under the same conditions of 
temperature and lighting, 'fo ensure reliability in scoring the instruments, the 
researcher created a set of scoring standards. The scoring of these instruments for all 
the groups was done by the investigator using the standards created beforehand. 
3.8.4 Intervention Phase 
1 reatments or interventions were conducted for a period of 8 weeks for all the 
groups. They attended six periods per week (4 hours per week). Each period was of 
40 minutes duration. Six periods were allotted to these groups for learning Physical 
Science; three periods each for Physics and Chemistry on alternate days of the week, 
fhey learnt and completed the following four chapters of Physical Science (two each 
in Physics and Chemistiy) during these 8 weeks. To verify whether the intervention 
occurred as planned, the school principal as v/ell as supervisor of the investigator 
90 
went to each class and observed the instructional activities of each group during each 
intervention session. Moreover, instructors also monitored students' activities ir order 
to check whether they were attentive and doing their work properly. 
Thus, care was taken to ensure that an appropriate comparison was aitamed 
among the three instructional approaches. All the groups were taught four hours a 
week, followed the same instructional sequence, and received the same instructional 
materials, the same hands-on activities, and the same assignments. They also had the 
same learning objectives, and had equal opportunities to practise their learning 
objectives. Therefore, not only was the scope of the content covered by the three 
treatments deemed equivalent relative to the post-test but also was students' invested 
time on the instructional materials controlled among these three groups for this study. 
3.8.4.1 Intervention in the Control Group 
The control group was subjected to traditional teaching without any exposure 
to multimedia CAI software. This teaching approach emphasized direct lectures given 
by teachers, interactive discussions between the teacher and students, use of textbook 
materials, and clear explanation of important concepts to students, but no use of 
multimedia CAI software. The teacher for the most part assumed the role oi' the 
"provider" of information and undertook the task of transferring science knowledge to 
students. 
3.8.4.2 Intervention in the TCCAI Experimental Group 
The TCCAI scheme in the current study was a mixture of whole-class 
presentation, interactive discussions between the teacher and students, and classroom 
activities using the multimedia CAI software. The instruction emphasized direct 
guidance, lectures, and presentation, occasional demonstrations, and clear 
explanations of important concepts to the students given by teachers in the lecture 
classrooms. The whole-class presentation was implemented using a combinatioa c^ f a 
laptop computer and a projector to display the contents of the multimedia ( AI 
software on a large screen in front of the whole class. Besides, class discussions 
between the teacher and the students and sometimes, among students were also 
embedded in this teaching format. It is noted that the whole-class presentation was 
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intended to be interactive in nature in order to ensure maximum involvement in 
interactive discussions between the teacher and the students. Although the teacher was 
an authority and the focus of attention who delivered instruction, students actively 
participated in the teacher-guided discussion, volunteered their ideas to questions, and 
asked questions about the content. 
3.8.4.3 Intervention in the SCCAI Experimental Group 
On the very first day of intervention, the instructors gave SCCAI experimental 
group an introduction on how to work on the multimedia CAI software and complete 
different parts of a CAI lesson. This group was also given a handout which listed 
guidelines on how to use the CAI software. The SCCAI approach stressed students' 
self-paced learning using the multimedia CAI software with their own individual 
computers (PCs) in a modern computer lab. In this approach, the teacher made use of 
mini lectures to introduce the key concepts about Physical Science and simply 
presented the contents in the beginning of a class period for about 15 minutes. After 
this, the students were left to work alone, with minimal interference from the teacher 
who was present only either to respond to doubts and questions raised by individual 
students or to provide support and guidance to those who asked for help. The students 
could freely navigate through a variety of learning sections and acquire their own 
knowledge and understandings about the various concepts of Physical Science via 
guided directions provided by the software or the classroom teacher. 
3.8.5 Post-test Phase 
After the intervention period, the students in the control and experimental 
groups were administered the same PSAS and PSAT as post-tests by their respective 
instructors. CAI Attitude Scale (CAIAS) and CAI Environment Scale (CAIES) were 
only administered to TCCAI and SCCAI experimental groups at the end of the 
intervention period. Post-test administration and scoring procedures for these 
instruments were the same as those used for the pre-tests. 
3.9 Data Analysis 
The raw scores obtained directly after scoring the scale and test booklets 
constituted simply a long list of numbers without any order. Therefore, in order to 
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make meaningful interpretation and draw conclusions, raw scores were reorganized, 
subjected to appropriate statistical analysis and summarized. This was achieveo using 
MS Excel 2007 and SPSS 16.0. Quantitative data were collected and anahzed 
according to parametric statistical procedures using SPSS 16.0. Parametric statistics 
are used for group comparison when the researcher can assume that the population is 
normally distributed, has homogeneity of variance within different groups, and have 
data that are interval or ratio in scale (McMillan & Schumacher, 1997 . The 
parametric tests used in the data analysis for this study are the t-test, ANOVA and 
ANCOVA. The t-test is commonly used to determine the level of significance uhen 
two means are compared. The t-test for independent samples is used to compare 
means between two groups and the paired t-test is used to compare pre- ano post-
mean measurements within the same group. The analysis of covariance (ANCOVA) is 
a parametric statistical procedure that adjusts initial group differences based on the 
correlation between the dependent variable and another variable, called a covanate. 
Unlike the t-test, the ANCOVA adjusts for pre-existing differences, however smaller, 
among groups and thereby increases the likelihood of finding a significant difference 
between group means (Huck & Cormier, 1996). 
The researcher tested for statistically significant differences among the ttiree 
groups on pre-intervention attitudes toward Physical Science, pre-test Physical 
Science achievement, post-intervention attitudes toward Physical Science, ano post-
test Physical Science achievement. Within each group, the students' attitudes toward 
Physical Science and Physical Science achievement were also assessed to determine if 
any statistically significant change occurred over the course of eight weeks among the 
students who received the same type of instruction. 
Analysis of Variance (ANOVA) was used to determine if there was a 
statistically significant difference between the experimental and control groups' 
attitude towards Physical Science, as measured by the Physical Science Attitude Scale 
(PSAS). This pre-intervention analysis was conducted to establish whether the three 
groups had similar attitudes toward Physical Science at the start of the study A 
paired t-test was used to determine if there was a statistically significant difference 
between the pre- and post-intervention attitude scores towards Physical Science for 
each of the three groups. These analyses were conducted to establish that a 
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measurable amount of change occurred within the control and experimental groups 
during the intervention that was relative to attitude towards Physical Science. 
Analysis of Covariance (ANCOVA) was used to determine whether a significant 
difference would be found between group means on attitude towards Physical Science 
for the experimental and control groups when pre-existing differences were 
controlled. The dependent variable was the post- intervention attitude scores towards 
Physical Science and the covariate was the pre-intervention attitude scores towards 
Physical Science for the student subjects in each of the three groups. 
ANOVA was used to determine if there was a statistically significant 
difference between the experimental and control groups' achievement in Physical 
Science, as measured by the pre-test. This pre-test analysis was conducted to provide 
baseline data for establishing whether the three groups were similar with respect to 
achievement in Physical Science at the start of the study. A paired t-test was used to 
determine if there was a statistically significant difference between the pre- and post-
test achievement scores in Physical Science for each of the three groups. These 
analyses were conducted to establish that a measurable amount of learning occurred 
within the experimental and control groups as a result of the particular method of 
instruction each group received during the intervention. (It was also relevant to this 
study to determine whether learning did occur to a measurable degree within each of 
the groups. For this purpose, paired t-tests are appropriate for comparing pre- and 
post-test measurements on the same subjects within each of the control and 
experimental groups.) In order to determine significant differences between pre-test 
and post-test results of attitude and achievement, a paired t-test was used to analyze 
pre-test and post-test mean scores for the experimental and control groups. ANCOVA 
was used to determine whether a significant difference would be found between group 
means on Physical Science achievement for the experimental and control groups 
when pre-existing differences were controlled. The dependent variable was the post-
test achievement scores in Physical Science and the covariate was the pre-test 
achievement scores in Physical Science for the student subjects in each of the three 
groups. 
Multiple regression analysis was performed to determine the proportion of 
variance in attitude and achievement in Physical Science respectively as explained by 
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the subscales of CAIAS (which were the latent variables and used as predictors in this 
study). Similarly, muhiple regression analysis was performed to determine the 
proportion of variance in attitude and achievement in Physical Science respecti\ely as 
explained by the subscales of CAIES (which were the latent variables and used as 
predictors in this study). 
3.10 Statistical Techniques Employed 
The investigator employed the following statistical techniques suitable for 
analyzing the quantitative data in accordance to the nature of variables involved and 
the objectives of the study: 
• Item analysis using Pearson's Product Moment Correlation 
• Determination of reliability and validity of tools developed by the investigator, 
namely, PSAS, PSAT, and CAIAS 
• Computation of mean and standard deviation 
• Independent samples /-test to see the significant difference between two means 
• Paired-samples Mest 
A paired-samples /-test is used when the data is collected from only one group 
of people on two different occasions or under two different conditions. Pretest-
posttest experimental designs are an example of the type of situation where this 
technique is appropriate (Pallant, 2011). Since the present study involved a preiest-
posttest control group design, therefore the paired-samples /-test was used to compare 
means for groups of scores that were obtained by making repeated measurements on 
the same group of participants whose performance on the dependent variable were 
assessed at two times (i.e., pre-test and post-test). 
• Analysis of Variance (ANOV A) 
It is a statistical analysis that tests whether there are statistically significant 
differences between group means on scores on a quantitative dependent variable 
across two or more groups (Warner, 2008). It compares the variance (variability in 
scores) between the different groups (believed to be due to the independent variable) 
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with the variability within each of the groups (believed to be due to chance or errors). 
The test statistic, an F ratio, represents the variance between the groups divided by the 
variance within the groups (Pallant, 2011). 
In this study, factorial ANOVA (two-way ANOVA) was used. Factorial 
ANOVA is the statistical method that analyzes the independent or main and 
interaction effects of two or more independent variables on a dependent variable 
(Kerlinger, 1973). 
• Analysis of Covariance (ANCOVA) 
It is a form of analysis of variance that tests the significance of the difference 
between means of final experimental data by taking into account the correlation 
between the dependent variable and one or more covariates, and by adjusting initial 
mean differences in the experimental groups. That is, ANCOVA analyzes the 
differences between experimental and control groups on dependent variable Y after 
taking into account initial differences in the Y measures (i.e., pretest measures) or 
differences in some pertinent independent variable. The measure used for the control 
(pretest measures or measures on a pertinent independent variable) is called the 
covariate (Kerlinger, 1973). 
According to Field (2009), there are two reasons for including covariates in 
ANOVA: 
Elimination of confounds: In any experiment, there may be unmeasured variables that 
confound the results (i.e., variables that vary systematically with the experimental 
manipulation). If any variables are known to influence the dependent variable being 
measured, then ANCOVA is ideally suited to remove the bias of these variables. Once 
a possible confounding variable has been identified, it can be measured and entered 
into the analysis as a covariate. 
To reduce within-group error variance: ANCOVA is used to reduce within-group 
error variance by allowing the covariate to explain some of this error variance. 
However, for this to be true the covariate must be independent from the experimental 
effect. Therefore, before running the ANCOVA, it should be checked that the 
independent variables and covariate(s) are independent. It can be done by using 
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ANOVA or a Mest to check whether the groups differ significantly on the co^ ariate. 
If they do not significantly differ, then only covariate should be included in analysis 
because in this situation, the covariate shares its variance only with the one that is 
currently unexplained and is completely independent from the treatment effect. This 
scenario is the only one in which ANCOVA is appropriate (Field, 2009). 
• Effect size (that is. Partial Eta Squared, r| ) 
It assesses the proportion of variance in dependent variables (attitude and 
achievement in Physical Science at post-test stage) that is predictable from 
independent variables (instructional method and gender) and covariate when the 
variance associated with other predictors or independent variables has been partialled 
out or removed. 
• Post hoc Tests 
A significant F test indicates that the group means are significantly different. 
It does not, however, tell us which of the groups differ from one another. For this, 
post hoc tests need to be conducted. In this study, post hoc tests were conducted using 
Bonferroni's test. It consists of pairwise comparisons that are designed to compare 
means of all different combinations of the treatment groups. Pairwise comparisons 
control the familywise error by correcting the level of significance for each test such 
that the overall Type I error rate (a) across all comparisons remains at .05 In 
Bonferroni correction, a is divided by the number of comparisons, thus ensuring that 
the cumulative Type I error is below .05. Bonferroni's test controls the Type i error 
rate very well and has more power when the number of comparisons is small (Field. 
2009). 
• Multiple Regression 
Multiple regression analysis is a method for studying the effects and the 
magnitudes of the effects of more than one independent variable on one dependent 
variable using principles of correlation and regression (Kerlinger, 1973). In multiple 
regression, more than one independent variable is included in an equation to predict 
scores on a quantitative dependent variable (Warner, 2008). 
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Multiple regression analysis was performed in this study to determine the 
proportion of variance in the dependent variable as explained by the independent 
variables (predictors). It was also intended not only to find out the combined effect of 
independent variables but also the individual effect of each independent variable on 
the dependent variable. Therefore, in this study, a standard multiple regression 
method was used in which all independent variables are entered into the equation at 
one step, and the proportion of variance uniquely explained by each independent 
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CHAPTER 4 
DEVELOPMENT OF TOOLS 
To cany out any type of research investigation, data is gathered from which 
the hypotheses may be tested. The meaningfulness of results of any research work 
depends not only on method and procedure, data analysis or result interpretations but 
also on the appropriateness of the tools and measures employed in the study. They 
should be appropriate, reliable and valid as well as suitable for the kind of sample 
involved in research work. 
The following tools were developed and used by the investigator for the 
present study: 
1. Multimedia CAI Software 
2. Physical Science Attitude Scale (PSAS) 
3. Physical Science Achievement test (PSAT) 
4. CAI Attitude Scale (CAIAS) 
4.1 Development of Multimedia CAI Software 
Multimedia CAI software used in the present study was developed by the 
investigator with the help of a computer expert. 
4.1.1 Design and Theoretical Foundations of CAI Software 
The modes of CAI utilized for its development were tutorial, drill and practice, 
and simulation along with animations. The tutorial mode of CAI was adopted because 
it is almost similar to traditional method of instruction with respect to its mode of 
presentation. Traditional method of instruction followed by teachers in schools 
comprises of presentation of content based on the prescribed syllabus and textbook, 
with detailed description of terms and explanation of concepts; followed by 
questioning students so as to assess their learning. Similarly, the tutorial form of CAI 
also presents information followed by questions along with feedback to the students' 
responses. The tutorial form of CAI adopted by the investigator is very much like the 
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auto-elucidative form of programmed instruction (O'Day, Kulhavy, Anderson, &. 
Malczynski, 1972). Therefore, it has the characteristics of individualization, self-
pacing, and immediate feedback. 
Theoretical orientation of the software used in the present study employs the 
eclectic approach. Eclectic approach uses principles and techniques from different 
perspectives as per the situation at hand (Huffman, Vemoy, & Vemoy, 1995). 
Theorists agree that drill and practice mode is oriented to behaviourist approach and 
works well to memorize and refine skills (Roblyer, 2006; Hsu, Chen, & Hung, 2000; 
Alessi & TroUip, 1991; Maddux, Johnson, 8c Willis, 1997). Hsu, Chen, and 
Hung(2000) assert that tutorial programmes are associated to cognitivism. Roblyer 
and Edwards (2000) also contend that tutorials can be designed to adopt Piaget's 
cognitive approach. Tutorials with branching modes of presentation tend to shift their 
orientation from cognitive to constructivist approach. The CAI software used in this 
study mainly underlies cognitive approach but behaviouristic and constructivist 
orientations are also prevalent in it as a large number of multiple-choice questions 
incorporated in the software makes it drill & practice oriented. Its interactive nature 
through hyperlinks and text segments followed by quiz give a cognitive perspective. 
The nature of questions at comprehension and application levels of cognitive domain 
and branching mode of presentation due to hyperlinks make the software oriented 
towards constructivist approach (Mahmood, 2004). 
4.1.2 Selection of Content 
Four chapters of Physical Science from the syllabus of class X were selected 
for developing the software. Out of these four chapters, two were of Chemistry 
(Acids, Bases, and Salts; and Metals and Non-Metals) and two were of Physics (Light 
- Reflection and Refraction; and Human Eye and the Colourful World), which are 
supposed to be taught in the first semester of the session. These chapters were 
selected because the principal of Ayesha Tarin Modem Public School, Aligarh, U.P., 
gave permission to the investigator to teach in the very first semester of the session 
2011-2012. Moreover, the difficuk and abstract nature of concepts included in these 
chapters makes them suitable to be taught with a variety of media provided by CAI. 
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4.1.3 Analysis of Content 
After discussing and analyzing content of chapters with teachers of various 
schools, the topics and their respective sub-topics were logically sequenced. Detailed 
notes were prepared and systematically organized for each topic and sub-topic. Each 
concept was illustrated with suitable examples. Textual notes were divided into 
segments suitable for a tutorial. Multiple-choice questions were constructed at 
different levels of cognitive domain to assess students' conceptual understanding 
regarding each concept. Suitable materials for providing reinforcement and feedback 
were also prepared. Textual notes and multiple-choice questions were validated by a 
panel of four experienced Physical Science teachers teaching at secondary school 
level and two science teacher educators. 
4.1.4 Development of Slides, Animations, and Graphics 
Segmented text materials were put on slides of Microsoft PowerPoint 2007. 
Animations and graphics in PowerPoint presentation were prepared with the help of 
Java Applet and HTML. Software named 'Live Web' for Microsoft Power Point, 
available on Internet was chiefly used to add Java in power point. Macromedia tlash 
player. Photo shop viewer, paint, etc. were also used in preparation of graphics and 
animation. 
4.1.5 Preparation of CAI Software 
With the help of above mentioned strategies, segmented text material, 
explanations of new and unfamiliar terms and concepts and multiple-choice questions 
were transformed into the CAI software. This software is interactive and user-friendly 
and is composed of mainly CAI tutorials, animations, drill and practice exercises, and 
simulations. In each tutorial, text material is presented in a few slides with hyperlinks 
to other slides. After reading text segments and explanations through hyperlinks, a 
student comes across a quiz consisting of multiple-choice questions with an 
arrangement of immediate feedback. 
CAI software was prepared by considering the importance of the subject, level 
of the students, need of the graphics and animation, depth of the content, relevance of 
101 
the graphics and animation with the content presented in a particular sHde. The screen 
shots of this software are given in Appendix A. 
4.1.6 Evaluation of Multimedia CAI Software 
According to Alessi and TroIIip (1991), the process of evaluating educational 
software is most comprehensive and includes three sub-steps. In the first, software is 
reviewed by subject-matter experts to assess the content, appearance, and attention to 
good instructional practices. In the second, usability testing by students and teachers 
is conducted to assess whether the software was usefully designed in terms of 
instruction, interface, and interaction design. That is, representative participants use 
the software under expert's supervision to provide detailed feedback on its quality. 
Finally, in the third step, the instructional effectiveness of the software is validated 
with students working in normal instructional circumstances. 
4.1.6.1 Evaluation of CAI Software by Subject-Experts 
Based on the multimedia evaluation checklist presented by Alessi and Trollip 
(2001), the Program Evaluation Checklist for CAI software was developed by the 
investigator to check program fidelity. The items in the program evaluation checklist 
by Alessi and Trollip (2001) were reclassified into: (a) instruction design, (b) 
interface design, (c) interaction design, and (d) language and grammar. In addition, 
several items were added or modified to address the critical features of CAI software. 
The program evaluation checklist is presented in Appendix B. The investigator asked 
two subject-experts to go through CAI software and assign a rating ft'om 1 to 3 points 
(i.e., 1 = Disagree, 2 = Neutral, and 3 = Agree) based on the extent to which they 
agreed or disagreed with each statement on the program evaluation checklists 
independently. Given their scores, the investigator calculated mean inter-rater 
reliability using the formula (i.e., the number of agreements is divided by the number 
of agreements plus disagreements and multiplied by 100) proposed by Richards and 
his colleagues (1998). The average agreement between the asked two subject-experts 
was 94%. The suggestions from these subject experts were also duly incorporated. 
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4.1.6.2 Pilot Testing of CAI Software 
Pilot testing is the process of testing the CAI software in which the progress 
and performance of representatives of the target population is monitored while they 
are using the software (Alessi & Trollip, 1991). All procedures and materials for the 
usability testing were prepared according to the usability testing guidelines outlined 
by Nielsen, Snyder, Molich, and Farrell (2000). Three students in grade X and three 
science teachers participated in the usability testing individually at the computer lab 
of their school. The usability testing questionnaire, used in Nielsen et al.'s (2000) 
usability study, was made use of by the investigator. The usability testing 
questionnaire, containing two usability tasks, is presented in Appendix C. The 
usability testing included (a) introduction and (b) task sessions. During the 
introduction session, participants were informed of the purpose of the usability testing 
and introduced CAI software. The participants were also explained thai the 
information they provided would not be used for any other purpose. The introduction 
session lasted for five minutes. After the introduction session. Participants were asked 
to execute two usability tasks and complete the questionnaire. Specifically, for task 1, 
participants were asked to work on CAI software for 15 minutes and then assign a 
rating from 1 to 5 points (1 = Strongly Disagree. 2 = Disagree. 3 = Neutral. 4 = Agree. 
5 = Strongly Agree), based on the extent to which they agreed or disagreed with each 
statement. For task 2, participants were asked to review one instructional modeling 
session and solve three guided and three independent practice problems. They were 
asked to complete the task 2 within 25 minutes. After completing task 2, participants 
were asked to assign a rating from 1 to 5 points (1 = Strongly Disagree. 2 = Disagree. 
3 = Neutral. 4 = Agree. 5 = Strongly Agree) based on the extent to which they agreed 
or disagreed with each statement in the questionnaire. 
During the task sessions, the investigator sat behind participants to monitor 
and supervise their performance. While the participants executed the tasks, the 
investigator took notes of their behaviours and actions. Upon occurrence of panic ular 
events of interest (e.g., clicking a button and selecting a wrong button), participants' 
thoughts were asked to gather specific information regarding the factors that guided 
their decisions. If a participant had questions or difficulties with the tasks, the 
researcher provided minimal hints and guidance to help them proceed. Notes uere 
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constantly taken on the comments made by participants (e.g. things they liked and 
they didn't) as they executed the tasks. After the task session, participants were given 
an opportunity to discuss their responses and suggestions for CAI software with the 
investigator. 
The scores for each usabiUty task question across participants were 
collected, summed, and then averaged (see Table 4.1). If the average score of a 
question was not higher than 3.0, the component of CAI software related to the 
question was not found appropriate by the users and should be considered for a 
revision by the software's developer or designer. Table 4.1 shows that the average 
scores of all the questions were higher than 3.0. This means that the CAI software was 
found as appropriate by participants for their purposes. In other words, the CAI 
software was found to be user-friendly. Further, the investigator's notes of the 
participants' behaviours, actions, and suggestions during the process of task execution 
were also collected, summarized, and considered for a revision of CAI software. 
Table 4.1 






































































































































































4.1.6.3 Validation of CAI Software 
The final stage in the evaluation process is validation of the CAI software -
the process of checking how well the software works in the real instructional setting. 
This is sometimes known as field testing. The true test of CAI software occurs when it 
is exposed to a large number of students in their natural instructional setting The 
primary goal of validation is to ensure that students learn what is intended, using CAI 
software. In this study, the validation process was carried out by assessing the 
students' attitude towards Physical Science and achievement in Physical Science, 
before and after using the software, as per the guidelines given by Alessi and TroUip 
(1991). 
Validation of CAI software was carried out in Aligarh Public School, a senior 
secondary school in Aligarh (U.P.). The participants were 140 students who were 
randomly selected from those enrolled in class X (session 2010-11), and two 
secondary school science teachers having sound academic qualifications (M.Sc, 
B.Ed.) and teaching experience (6 and 7 years respectively) and no experience of 
using CAI software. These teachers were trained in using CAI software. lor the 
validation, a randomized pretest-posttest control group design was used. 140 students 
were randomly assigned to form two groups, an experimental group and a control 
group. Both groups were pre-tested on the PSAS and PSAT; control group and 
experimental group were taught by traditional teaching and teacher-centered CAI 
(traditional teaching supplemented with CAI) respectively for one hour daily for four 
weeks; and both groups were then post-tested on the PSAS and PSAT. Post-test 
scores on PSAS and PSAT were compared to determine the relative effectiveness of 







































Table 4.2 shows that the /-value for Pre-PSA scores is not significant at .05 
level. It indicates that both groups are equivalent at pre-test stage. But the r-value for 
Post-PSA scores is significant at .05 level, indicating that there is a significant 
difference in Post-PSA scores on PSAS between the two groups, t (138) = 5.08, p < 
.05. The experimental group has a significantly greater mean (M= 133.64, SD = 7.48) 
than the control group (A/= 127.26, SD = 7.38). This result indicates that traditional 
teaching supplemented with CAI software is more effective than traditional teaching 
in enhancing the students' attitude towards Physical Science. 
Table 4.3 



































Table 4.3 shows that the /-value for pre-test scores is not significant at .05 
level. It indicates that both groups are equivalent at pre-test stage. But the /-value for 
posttest scores is significant at .05 level, indicating that there is a significant 
difference in post-test scores on PSAT between the two groups, / (138) = 3.09, p < 
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.05. The experimental group has a significantly greater mean (A/= 36.33, SD = 8.56) 
than the control group (A/= 31.49, SD = 9.95). This resuh indicates that traditional 
teaching supplemented with CAI software is more effective than traditional teaching 
in enhancing the students' achievement in Physical Science. 
Thus, it can be concluded on the basis of these significant t-test results that the 
multimedia software developed by the investigator is suitable for use in the present 
study. 
4.2 Development of Physical Science Attitude Scale (PSAS) 
The "attitudes toward science" are commonly defined as the positive or 
negative feelings students have about various aspects of science. But a number of 
researchers have defined attitudes toward science in a variety of ways (Haladyna & 
Shaughnessy, 1982; Koballa & Glynn, 2006; Munby, 1980). These differences in 
definitions have led to the development of a variety of instruments to measure one or 
more dimensions of student science attitudes. Gardner (1975) suggested a basic 
distinction between two categories of science-related attitudes: "attitudes toward 
science" (e.g., interests in science, attitudes toward scientists, attitudes toward social 
responsibility in science) and "scientific attitudes" (e.g., open-mindedness, honesty, 
skepticism). Munby (1980) expanded the attitudes toward science category to include 
attitudes toward science careers, science instruction, institution of science, specific 
science issues, and scientific processes. 
The weakness in justifying validity is a common problem found in the science 
attitude instruments developed for the Asian region (e.g., Boone, 1997 for China; 
Dhindsa & Chung, 2003 for Brunei; Ibrahim, 1984 for Malaysia; Scantlebury, Baker, 
Sugi, Yoshida, & Uysal, 2007 for Japan; Yu, 1998 for Taiwan). To date, there appear 
to be no science attitude instruments with acceptable reliability and validity evidence 
that are appropriate for use with students in Asian secondary schools. Moreover, no 
scale was found for measuring students' attitude towards Physical Science m the 
Asian region. In addition, using the instrument developed in a different cultural 
system is dangerous and not appropriate (Pell & Manganye, 2007; van Rensburg, 
Ankiewicz, & Myburgh, 1999). According to Mordi (1991), the majority of studies on 
attitudes toward science involved students in Great Britain, Israel, Australia, and the 
USA. The construction and validation of an instrument to measure science attitudes 
107 
for students in India will help to identify science-related attitudes for students with 
different cultural and educational backgrounds. 
Thus, the purpose of this research study was to develop a valid and reliable 
instrument to measure attitudes toward Physical Science for use with secondary 
school students in India. Specifically, the instrument was constructed to measure five 
specific science attitude dimensions identified by Dhindsa and Chung (2003): (1) 
enjoyment, (2) confidence, (3) anxiety, (4) career, and (5) importance of science. The 
reason for selecting these attitudinal dimensions was because of their high frequency 
in attitude studies, though usually referenced by different names in different 
instruments (Hassan, 2008; Kind, Jones, & Barmby, 2007; Osborne, Simon, & 
Collins, 2003). 
4.2.1 Procedure 
This scale was developed using Likert method, a technique for the 
measurement of attitudes (Likert, 1932). Likert items are a useful and effective means 
of determining opinions and attitudes. Likert's technique was preferred over 
Thurston's technique because the former is simpler and less time consuming. 
Thurstonian approach lacks good indices of validity of items and requires weighting 
of responses on a prior basis and not on the basis of item analysis data. 
4.2.2 Collection and Writing of Items 
The first step in constructing a Likert type scale was to collect and write a 
large number of statements that provided an adequate description about various 
aspects of attitude towards Physical Science. For this purpose, the investigator 
reviewed the relevant information available in the electronic and print media, 
textbooks, existing psychometric scales and research articles. Initial investigation of 
the related literature generated a long list of statements pertaining to the determination 
of attitude. The list was then categorized in terms of the several aspects of attitude 







After a carefiil study of related literature and discussion with several 
experienced Physical Science teachers and experts, the investigator formulated a 
variety of items which were to address these aspects. All statements were constructed 
by the investigator on the basis of their relevance to the current study and on their 
cultural and contextual appropriateness. A preliminary draft of 65 items was prepared 
to explore all the possible dimensions of attitude towards Physical Science The 
investigator analyzed the occurrence of each aspect in the scale and thus, a final 
selection of items was arrived at to include all aspects appropriately, and after 
realizing the shortcomings in the preliminary draft, the investigator had modified the 
scale. 
Furthermore, the form of the item or statement was also determined. The items 
of this draft were of multiple choice type having five alternatives: 'strongly agree", 
'agree', 'undecided', 'disagree' and 'strongly disagree'. In order to make the testing 
more valid, the number of positive and negative statements was kept equal. 
4.2.3 Scrutiny and Critique 
After completion of the first draft of scale in all respects, the investigator 
subjected it for open criticism and healthy suggestions from the subject experts and 
professionals, which included experienced Physical Science teachers and teacher 
educators, researchers in education, and linguistic experts in order to improve the 
quality of the tool. This was carried out to appraise the overall design, arrangement of 
items, reshaping of items, age and situational appropriateness (in Indian context) of 
language and its clarity, cognitive and logical validity of content. Subject experts were 
requested to judge the worth of each statement against the following crheria: 
• The statement should be in simple and understandable language. 
• The statement should be clear and unambiguous semantically so that it is 
interpreted uniformly by all respondents. 
• The statement should not be double barreled; it should express one single idea 
or issue. 
• The statement should be relevant, that is, there should be congruence between 
the statement and definition of the concept of PSAS as accepted in this study. 
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The experts communicated their critical comments and suggestions required 
for the improvement of the tool. As a result, some of the statements were deleted, 
modified, reframed, or some new statements were constructed and incorporated so as 
to make the scale more effective. After getting the experts' approval, the revised 
version of the scale, consisting of 60 statements, was used for the try out. 
4.2.4 Try Out 
The number of items constructed was considerably larger than the number 
needed for the final test. The initial form of PSAS, consisting of 60 statements, was 
administered over a sample of 420 subjects. These subjects were randomly selected 
from six secondary schools where students, having low to high socio-economic status, 
are enrolled. Instructions to the subjects required them to respond to each of the items 
according to their extent of agreement or disagreement on a five-point scale, the 
response categories being 'strongly agree', 'agree', 'undecided', 'disagree' and 
'strongly disagree'. 
4.2.5 Scoring 
The scheme of scoring response categories involved differential weighting 
such that the response category, 'strongly agree' was given a weight of 5, 'agree' a 
weight of 4, 'undecided' a weight of 3, 'disagree' a weight of 2 and 'strongly 
disagree' a weight of 1, in respect of responses pertaining to positively worded 
statements. The scoring was reversed for negatively worded statements. Marks 
according to the positive and negative polarity of statements were given on all the 60 
statements. The sum of these values gave the PSAS score for a particular subject. 
4.2.6 Preparation of Code sheet and Analysis of Data 
A codebook was designed to interpret the responses in numerical form for ease 
of handling the voluminous information, and this codebook of data was used for 
further statistical analysis. All the items in the scale were numbered and each response 
was assigned a value. The code sheet was a two-dimensional matrix consisting of the 
total number of items in the scale versus the number of students. The data was first 
manually entered on the code sheets and then, fed into the computer by the 
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investigator. The data was then randomly checked in the computerized code sheets 
and analyzed using SPSS 16.0. 
4.2.7 Item Analysis 
Item analysis of each statement was done using Pearson Product Moment 
Correlation technique. The aim was to make the PSAS homogeneous by checking the 
consistency of each item with the total test and discarding the items showing 
inconsistency. To achieve this, scores on each item of the subjects were correlated 
with their total test scores. The items found to have a correlation of 0.36 or less with 
the total test were discarded. Such items were 30 in nvmiber. To remove the effect of 
the eliminated items, scores of the subjects on them were deducted from their total 
score and correlations were again computed in respect of the remaining 30 items The 
reiterative procedure increased the original coefficients such that none of the 30 items 
were found to have a correlation of less than 0.40 with the total test, as shown in 
Table 4.4. It was considered sufficiently high for retaining an item for the final form 
of PSAS. 
Table 4.4 





































































Reliability is the degree to which a test consistently measures whatever it is 
measuring and reUabiHty coefficient indicates the consistency of the score produced 
(Gay & Airasian, 2000). ReHability was established using the try out data. Two 
methods were used to estabhsh rehability by using the scores of 420 subjects on 30 
items of the final form of PSAS. The first method utilized was split-half method 
reliability. The second method utilized Cronbach's Alpha. 
A split-half reliability coefficient was found by correlating the scores of the 
subjects on odd items of PSAS with their scores on even items. The correlation 
coefficient thus obtained was 0.82 which when corrected by Spearman Brown 
Prophecy formula increased to 0.90. 
Cronbach's Alpha estimates internal consistency reliability by finding out how 
items of an instrument relate to each other and to the total instrument (Gay & 
Airasian, 2000). Cronbach's Alpha is a measurement of the internal consistency 
reliability of an instrument. In other words, it is an indication of the context to which 
respondents' responses agree to one another. The higher the value of alpha, the more 
reliable the test is, with regard to internal consistency. George & Mallery (2001) 
provide the following rule of thumb for the values of alpha: > 0.9 excellent, > 0.8 
good, > 0.7 acceptable, > 0.6 questionable, > 0.5 poor, < 0.5 unacceptable. The alpha 
coefficient for the PSAS was found to be 0.86, which is good enough to be 
acceptable. 
4.2.9 Validity 
Validity refers to the extent to which an instrument measures what it is 
designed to measure (Singh, 1998). Validity is also considered as the strength of 
conclusions, inferences or propositions. 
Content validity is "the degree to which a test measures an intended content 
area" (Gay & Airasian, 2000). Content validity for the instrument was established by 
the panel of experts. The instrument was evaluated during and after development. 
Feedback from the panel of experts was used to make modifications and clarifications 
prior to and after conducting the pilot study. The content validity was claimed on the 
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basis of the fact that items were formulated after a thorough investigation of related 
literature on attitude towards Physical Science. These items were further revie\\'ed and 
evaluated by a number of experts by keeping in mind their expertise in language. 
experience in the field of research and secondary education, and exposure to the 
population and sampled students. Items for which there had been more than 90% 
agreement amongst judges regarding their relevance to attitude towards Physical 
Science were included in the scale. 
Another method employed for establishing validity of the PSAS was based on 
subject teachers' judgement method. The Science teachers of school whose students 
participated in this study were approached. They were asked to read careful!) the 
descriptions of positive as well as negative attitudes toward Physical Science, and 
identify those students of their respective schools whose attitude matched clearly with 
either of the two descriptions, hi this way, two groups of students, one having positive 
attitude and the other having negative attitude towards Physical Science, were 
identified. The means of PSAS scores of these two groups were compared to test the 
hypothesis that the mean of PSAS scores of the group having positive attitudes would 
be significantly higher than the mean of PSAS scores of the group having negative 
attitudes. For this purpose, a t-test was applied. The value of / was calculated by using 
one-tailed test. The result of this comparison is shown in Table 4.5. The vaUdation 
procedure yielded a ^vaIue of 30.92 which was found significant at the 0.0001 level, 
indicating, thereby, that the difference between the two means was significant and in 
the predicted direction. 
Table 4.5 
Comparison of Means of PSAS Scores of Students having Positive and Negative 





















*p < .05 
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4.2.10 Final Form of PSAS 
The instrument PSAS in its final form consists of 30 discriminating items. The 
scale which was revised on the basis of inputs from the preliminary analysis of the try 
out was administered to the sample of the present study. PSAS score can be calculated 
by adding the individual scores of all the items together where possible range of 
scores can be between 30 and 150. A copy of the scale is given in Appendix D. Table 
4.6 clarifies the meaning of each of the five subscales by providing their respective 
descriptions. 
Table 4.6 









Extent to which a 
student enjoys in-school 
and out-of-school 
science activities 
Extent to which a 
student feels anxious in 
science class 
Extent to which a 
student is confident and 
feels successful in 
science class 
Extent to which a 
student prefers and 
enjoys careers in the 
field of science 
Extent to which a 
student considers 
science to be important 
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* Items are negatively worded. 
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4.3 Development of Physical Science Achievement Test (PSAT) 
Achievement refers to what a person has acquired or achieved alter the 
specific training or instruction has been imparted. Achievement tests are inost 
frequently used in the field of psychological and educational researches. Achieveinent 
tests are primarily designed to measure the effects of a specific programme of 
instruction or training (Anastasi, 1968). Thus, the performance on the achievement 
test indicates the performance under known and controlled conditions. Achieveinent 
test, also known as proficiency test, is one which measures the extent to which a 
person has acquired or achieved certain information or proficiency as a function of 
instruction or training (Tuckman, 1975). 
Achievement tests have a number of important uses in school education. Ihey 
are an effective way to check any weakness in the instructions or slackness on the part 
of examinee. They are effective in the formulation of educational goals and provide a 
very easy means of critical examination of the content and method of instruction. A 
well-constructed achievement test is an effective way of producing and illustrating the 
major changes in any educational goal, which is often understood in terms oi some 
commonly agreed methods, procedures, and instructions by which its attainment is to 
be assessed. Achievement tests also help in adapting to the individual needs of the 
learners. The performance on the achievement tests directly reveals the need for 
further guidance to be given to each learner and accordingly, the instruction can be 
modified to suit the individual needs. 
4.3.1 Procedure 
Keeping in view the objectives of teaching the four chapters in Physical 
Science of class X entitled as 'Light - Reflection and Refraction' and 'Human Bye 
and the Colourful World' (Physics); "Acids, Bases, Salts' and 'Metals and Non-
metals'(Chemistry), the investigator decided to construct a multiple choice objective 
type test. While writing down the test items, the investigator kept in mind the 
following suggestions given by Gronlvind (1973): 
• The stem of the item should be meaningftil by itself and it should present a 
definite problem. 
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• The item stem should include as much of the item as possible and should be 
free from irrelevant material. 
• All the alternatives should be grammatically consistent with the stem of the 
item. 
• An item should contain only one correct or a clearly best answer. 
• All distracters should be plausible. 
• The relative length of the alternatives should not provide clue to the answer. 
• The correct answer should appear in each of the alternative positions 
approximately. 
• Use of special alternatives such as 'none of the above' or 'all of the above' 
should be made sparingly. 
The initial draft of PSAT consisted of 95 items. Each item had 4 options. This 
draft was given to subject experts who were requested to judge the worth of each item 
against the following criteria: 
• Appropriateness of content 
• Accuracy of the scoring key 
• Consistency of the test items 
• Avoiding undesirable overlapping 
• Accuracy of language 
As a result of experts' comments, some of the items were modified and some 
of them were omitted. The revised version of the initial PSAT consisted of 90 items. 
4.3.2 Try out 
The revised draft of PSAT was administered on 385 students, which included 
204 male and 181 female students, randomly sampled from 6 secondary schools of 
Aligarh district. These schools belong to different categories of management and 
range from good to poor in regard to standard of performance of their students. The 
written instructions were mentioned on the title page of test. Oral instructions were 
also given to students during the try out. The students were asked to tick mark the 
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correct answer for each item. A maximum of one and a half-hour was given for 
completing the test during try out. 
4.3.3 Scoring 
Before administering the test, scoring key was prepared. Each item of PSAT 
was of one mark. Each correct answer was assigned one mark, whereas each wrong 
answer was assigned a zero mark. The test was scored according to this scoring key. 
The total marks scored by a student on PSAT were considered as his/her achievement 
score and were equal to the number of items answered correctly by him/her. 
4.3.4 Item Analysis 
It is a process of examining the responses of respondents in the sample to each 
test item. It will reflect and scientifically ensure how items work with the chosen 
sample. It indicates which items may be too easy and too difficult for the students to 
answer. A test composed of revised and selected items could ascertain improvement 
in reliability and validity of the test. The items which were marked correctly by more 
than 85% of the students were omitted, as those were considered very easy and those 
items which were marked wrongly by more than 85% students were also discarded as 
they were considered too difficult. After removing the most easiest and difficult items, 
the total number of 84 items were left in PSAT. 
An item analysis was done to determine the discriminating power of each item 
with the total test by using Pearson Product Moment Correlation technique. The aim 
was to make the PSAT homogeneous by checking the consistency of each item with 
the total test and discarding all such items which were found inconsistent. To achieve 
this end, scores on each item of the subjects were correlated with their total test 
scores. Correlations for each of the 84 items constituting PSAT are reported in Table 
4.7. The items found to have a correlation of less than 0.34 with the total test were 
discarded. Such items were 12 in number. To remove the effect of the eliminated 
items, scores of the subjects on them were deducted from their total score and 
correlations were again computed in respect of the remaining 72 items. The reiterative 
procedure increased the original coefficients such that none of the 72 items were 
found to have a correlation of less than 0.35 with the total test, as shown in Table 4.7. 
It was considered sufficiendy high for retaining an item for the final form of PSA 1. 
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Table 4.7 




























































































































































Reliability of PSAT was calculated by using the scores of 385 subjects on 72 
items of the final form. A split-half reliability coefficient was found by corrclaiina the 
scores of the subjects on odd items of PSAT with their scores on even items I he 
correlation coefficient thus obtained was 0.84 which when corrected by Spearman 
Brown Prophecy formula increased to 0.91. Yet another method, that is. Cronbuch's 
Alpha, when applied on all 72 items of the PSAT, yielded a =•' 0.93 which is liood 
enough to be acceptable (Anastasi & Urbina, 1998), Cronbach's Alpha for Physics 
and Chemistry subscales were 0.87 and 0.89 respectively. 
4.3.6 Validity 
Content validity of PSAT was examined by the expert's judgement, for this 
purpose, the items of PSAT were submitted to a group of four experienced i-cu nee 
teachers. These experts were provided with the table of specifications (see Apneiidix 
E) along with the objectives of teaching those four chapters of Physical Science on 
which PSAT was based. The experts judged whether or not the items appropriulely 
represent all the concepts included in these four chapters. Items for which there had 
been more than 90% agreement amongst judges regarding their relevance to 
objectives of teaching these chapters were included in PSAT. 
The method employed for establishing validity of the PSAT was bascci on 
subject teachers' judgement method. The Science teachers of schools whose students 
participated in this study were approached. They were asked to identify Isigh 
achievers and low achievers with respect to their performance in Physical Science In 
this way, two groups of students were identified. The means of PSA'f scores oi these 
two groups were compared to test the hypothesis that the mean of PSAT scores ol the 
group of high achievers would be significantly higher than that of PSA'f scores ol the 
group of low achievers. For this purpose, a Mest was applied, 'fhe value of / <vas 
calculated by using one-tailed test. The result of this comparison is shown in Idble 
4.8. The validation procedure yielded a r-value of 16.40 which was found significant 
at the 0.0001 level, indieadng, thereby, that the difference between the two means was 
significant and in the predicted direction. 
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Table 4.8 
Comparison of Means of PSAT Scores of Students having High and Low 






















* p < .05 
4.3.7 Final Form of PSAT 
The instrument PSAT in its final form consists of 72 discriminating items. The 
test which was revised on the basis of inputs from the preliminary analysis of the try 
out was administered to the sample of the present study. PSAT score is calculated by 
adding the individual scores of all the items together where possible range of scores 
can be between 1 and 72. A copy of the scale is given in Appendix F. Tabic 4.9 
provides the details of five subscales of PSAT. A table of specifications is also 
provided in Appendix E. 
Table 4.9 













1, 2, 5, 8, 9, 16, 18, 23,25, 30, 33, 
34, 37, 38, 41, 44, 45, 52, 54, 59, 
61,66,69,70 
3,7, 14, 15,20,21,22,27,29,32, 
39, 43, 50, 51, 56, 57, 58, 63, 65, 
68 
4, 11, 13, 17,24,28,31,36,40,47. 
49, 53, 60, 64, 67, 72 








4.4 Development of Computer Assisted Instruction Attitude Scale (CAIAS) 
The use of CAI software enables a different and more innovative use of a 
computer in science teaching at secondary school level. It is especially important to 
take into consideration students' perceptions or attitudes when evaluating a new 
curriculum or learning approach (Fraser, 1989). Students' attitudes toward CAI and 
its different features or attributes are educationally significant and can guide teachers 
who are trying to improve the learning environment in science classrooms For 
instance, Askar, Yavuz, and Koksal (1991) developed the Attitude towards CAJ. scale 
to assess the students' attitudes. The scale consisted of ten items, scored on a three-
point response scale: Yes (3), Sometimes (2) and No (1); the negatively worded items 
were reversed to a positive direction for scoring purposes. The alpha reliability 
estimate of the total scores was 0.81, and construct validity was established by 
principal component analysis with varimax rotation; one factor was utilized. 
Mahmood (2004) also developed a CAI opiniormaire. In India, Mahapatra (2006) 
developed a reaction scale to study the reactions of students towards different features 
of CAI software used in his study. The CAI software developed by these researchers 
are quite different from each other as far as their features are concerned. The CAI 
attitude scales of these authors, which were specifically based on their CAI software, 
therefore caimot be used in the present study. 
The development of CAI Attitude Scale (CAIAS) for the present study was 
initiated by a search for an instrument that would adequately focus on inviting not 
only students' perceptions of their learning in computer-assisted Physical Science 
classes (TCCAI and SCCAI) but also their attitudes toward various features of (-A1 
software developed and used in this study. Guidance in identifying subscales was 
obtained from existing validated and reliable classroom environment instruments, 
which included both computer and non-computer settings (Fraser, 1998; Fraser, 
McRobbie, & Fisher, 1996; Fraser, McRobbie, & Giddings, 1993; Hartley & 
Treagust, 2006; Maor & Fraser, 1993; Teh & Fraser, 1993). 
CAIAS was developed to measure students' attitudes toward various features 
or attributes of CAI software developed by the investigator for this study. Subscales 
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of CAIAS include adaptations to the 'Presentation of the Content' subscaie from the 
Reaction Scale (Mahapatra, 2006) and CAI opinionnaire (Mahmood, 2004), 
"Assessment' and 'Integration' subscales from the Computer Assisted Learning 
Environment Questionnaire, CALEQ (Hartley & Treagust, 2006), and 
'Individualization' subscaie from the CAI opinionnaire (Mahmood, 2004). The last 
subscaie, namely the 'Perceived Effectiveness' subscaie was developed by the 
investigator in order to measure the overall effectiveness of integrating CAI software 
into teaching and learning of Physical Science in terms of students' perceptions or 
attitudes. 
4.4.1 Procedure 
This scale was developed using Likert method, a technique for the 
measurement of attitudes (Likert, 1932). Likert items are a useful and effective means 
of determining opinions and attitudes. Likert's technique was preferred over 
Thurston's technique because the former is simpler and less time consuming. 
Thurstonian approach lacks good indices of validity of items and requires weighting 
of responses on a prior basis and not on the basis of item analysis data. 
4.4.2 Collection and Writing of Items 
The first step in constructing a Likert type scale was to collect and write a 
large number of statements that provided an adequate description about various 
aspects of attitude towards CAI and addressed the relevant features of CAI software. 
For this purpose, the investigator reviewed the relevant information available in the 
electronic and print media, textbooks, existing psychometric scales and research 
articles. Initial investigation of the related literature generated a long list of statements 
pertaining to the determination of attitude towards CAI software in terms of its 
features. The list was then categorized in terms of the several aspects of attitude 
towards CAI software: 





e. Perceived effectiveness 
After a careful study of related literature and discussion with several 
experienced Computer Science teachers, Science teachers and experts, the 
investigator formulated a variety of items which were to address these aspects and 
adequately expressive of students' perceptions of learning Science with CAI software. 
All statements were constructed by the researcher on the basis of their relevance tt) the 
current study and on their cultural and contextual appropriateness. A preliminary draft 
of 60 items was prepared to explore all the possible dimensions of attitude towards 
CAI. The investigator analyzed the occurrence of each aspect in the scale and thus, a 
final selection of items was arrived at to include all aspects appropriately, and after 
realizing the shortcomings in the preliminary draft, the investigator had modified the 
scale. 
Furthermore, the form of the item or statement was also determined. The items 
of this draft were of multiple choice type having five alternatives: 'strongly agree', 
'agree', 'undecided', 'disagree' and 'strongly disagree'. All the statements were 
positively worded. 
4.4.3 Scrutiny and Critique 
After completion of the first draft of scale in all respects, the investigator 
subjected it for open criticism and healthy suggestions from the subject experts and 
professionals, which included experienced Computer Science teachers and teacher 
educators, researchers in education, computer and linguistic experts in order to 
improve the quality of the tool. This was carried out to appraise the overall design, 
arrangement of items, reshaping of items, age and situational appropriateness (in 
Indian context) of language and its clarity, cognitive and logical validity of content. 
Subject experts were requested to judge the worth of each statement against the 
following criteria: 
• The statement should be in simple and understandable language. 
• The statement should be clear and unambiguous semantically so that it is 
interpreted uniformly by all respondents. 
• The statement should not be double barreled; it should express one single idea 
or issue. 
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• The statement should be relevant, that is, there should be congruence between 
the statement and definition of the concept of CAIAS as accepted in this study. 
The experts communicated their critical comments and suggestions required 
for the improvement of the tool. As a result, some of the statements were deleted, 
modified, reframed, or some new statements were constructed and incorporated so as 
to make the scale more effective. After getting the experts' approval, the revised 
version of the scale, consisting of 50 statements, was used for the try out. 
4.4.4 Try Out 
The number of items constructed was considerably larger than the number 
needed for the final test. The inifial form of CAIAS, consisfing of 50 statements, was 
administered over the same sample of 140 students used in the pilot testing of 
multimedia CAI software. These students were enrolled in class X of Aligarh Public 
School, Aligarh, U.P., during the session 2010-11. Out of these students, 85 were 
male and 55 were female students. Instructions to the subjects required them to 
respond to each of the items according to their extent of agreement or disagreement 
on a five-point scale, the response categories being 'strongly agree', 'agree', 
'undecided', 'disagree' and 'strongly disagree'. 
4.4.5 Scoring 
The scheme of scoring response categories involved differential weighting 
such that the response category, 'strongly agree' was given a weight of 5, 'agree' a 
weight of 4, 'undecided' a weight of 3, 'disagree' a weight of 2 and 'strongly 
disagree' a weight of 1, in respect of responses pertaining to positively worded 
statements. The sum of these values gave the CAIAS score for a particular subject. 
4.4.6 Preparation of Code sheet and Analysis of Data 
A codebook was designed to interpret the responses in numerical form for ease 
of handling the voluminous information, and this codebook of data was used for 
further statistical analysis. All the items in the scale were numbered and each response 
was assigned a value. The code sheet was a two-dimensional matrix consisting of the 
total number of items in the scale versus the number of students. The data was first 
manually entered on the code sheets and then, fed into the computer by the 
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investigator. The data was then randomly checked in the computerized code sheets 
and analyzed using SPSS 16.0. 
4.4.7 Item Analysis 
Item analysis of each statement was done using Pearson Product Moment 
Correlation technique. The aim was to make the CAIAS homogeneous by checking 
the consistency of each item with the total test and discarding the items showing 
inconsistency. To achieve this, scores on each item of the subjects were correlated 
with their total test scores. The items found to have a correlation of 0.33 or less with 
the total test were discarded. Such items were 20 in number. To remove the effect of 
the eliminated items, scores of the subjects on them were deducted from their total 
score and correlations were again computed in respect of the remaining 30 items The 
reiterative procedure increased the original coefficients such that none of the 3(' items 
were found to have a correlation of less than 0.40 with the total test, as shown in 
Table 4.10. It was considered sufficiently high for retaining an item for the final form 
of CAIAS. 
Table 4.10 

































































Reliability is the degree to which a test consistently measures whatever it is 
measuring and reliability coefficient indicates the consistency of the score produced 
(Gay & Airasian, 2000). Reliability was established using the try out data. Two 
methods were used to establish reliability by using the scores of 140 subjects on 30 
items of the final form of CAT AS. The first method utilized was split-half method 
reliability. The second method utilized Cronbach's Alpha. 
A split-half reliability coefficient was found by correlating the scores of the 
subjects on odd items of CAIAS with their scores on even items. The correlation 
coefficient thus obtained was 0.83 which when corrected by Spearman Brown 
Prophecy formula increased to 0.91. 
Cronbach's Alpha estimates internal consistency reliability by finding out how 
items of an instrument relate to each other and to the total instrument (Gay & 
Airasian, 2000). Cronbach's Alpha is a measurement of the internal consistency 
reliability of an instrument. In other words, it is an indication of the context to which 
respondents' responses agree to one another. The higher the value of alpha, the more 
reliable the test is, with regard to internal consistency. The alpha coefficient for the 
CAIAS was found to be 0.82, which is good enough to be acceptable. 
4.4.9 Validity 
Validity refers to the extent to which an instrument measures what it is 
designed to measure (Brown, 1996). Validity is also considered as the strength of 
conclusions, inferences or propositions. 
Content validity is "the degree to which a test measures an intended content 
area" (Gay & Airasian, 2000). Content validity for the instrument was established by 
the panel of experts. The instrument was evaluated during and after development. 
Feedback from the panel of experts was used to make modifications and clarifications 
prior to and after conducting the pilot study. The content validity was claimed on the 
basis of the fact that items were formulated after a thorough investigation of related 
literature on attitude towards CAI. These items were further reviewed and evaluated 
by a number of experts by keeping in mind their expertise in language, experience in 
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the field of research and secondary education, and exposure to the population and 
sampled students. Items for which there had been more than 90% agreement aniongst 
judges regarding their relevance to attitude towards CAI were included in the scale 
Another method employed for establishing validity of the CAIAS was based 
on subject teachers' judgement method. The Science teachers of school whose 
students participated in this study were approached. They were asked to read carefully 
the descriptions of positive as well as negative attitudes toward CAI, and identify 
those students of their respective schools whose attitude matched clearly with either 
of the two descriptions. In this way, two groups of students, one having positive 
attitude and the other having negative attitude towards CAI, were identified The 
means of CAIAS scores of these two groups were compared to test the hypothesis that 
the mean of CAIAS scores of the group having positive perceptions would be 
significantly higher than that of CAIAS scores of the group having negative 
perceptions. For this purpose, a Mest was applied. The value of / was calculated by 
using one-tailed test. The result of this comparison is shown in Table 4.11. Fhe 
validation procedure yielded a /-value of 35.22 which was found significant at the 
0.0001 level, indicating, thereby, that the difference between the two means was 
significant and in the predicted direction. 
Table 4.11 
Comparison of CAIAS Mean Scores of Students having Positive and Negative 






















*p < .05 
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4.4.10 Final Form of CAIAS 
The instrument CAIAS in its final form consists of 30 discriminating items. 
The scale which was revised on the basis of inputs from the preliminary analysis of 
the try out was administered to the sample of the present study. CAIAS score can be 
calculated by adding the individual scores of all the items together where possible 
range of scores can be between 30 andlSO. A copy of the scale is given in Appendix 
G. Table 4.12 clarifies the meaning of each of the five subscales by providing their 
respective descriptions. 
Table 4.12 
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PRESENTATION. ANALYSIS AND INTERPRETATION OF 
DATA 
The purpose of this research study was to compare the effects of traditional 
teaching and computer assisted instruction on secondary school students' attitude 
achievement in Physical Science. To that end, there were four main objectives 
associated with the quantitative data collected using PSAS, PSAT, CAIAS, and 
CAIES. In order to bring study to its successful fruition, the data collected were being 
systematically organized, analyzed, and interpreted. The raw scores were first 
organized into separate tables for each variable of the study. For computation of 
needed statistics and application of appropriate statistical techniques, most of the data 
was analyzed on 'Statistical Package for Social Sciences' (SPSS, version 16.0). A part 
of the data was also treated manually. The statistical techniques used in testing the 
hypotheses were independent samples t-test, paired-samples t-test, ANOVA, 
ANCOVA, and multiple regression. Moreover, the data have been critically analyzed 
through textual discussions, tabular, and graphical devices. The textual discussions 
have been used to point out significant interpretations and generalizations. Tables and 
figures have been used to clarify significant relationships. They are so constructed 
that they are self-explanatory. 
In this chapter, the presentation, analysis, and interpretation of data have been 
presented as per the following scheme: 
5.1 Missing Data Analysis 
5.2 Results concerning the equality of groups before the Intervention 
5.3 , To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the control group 
5.4 To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the TCCAI group 
5.5 To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the SCCAI group 
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5.1 Missing Data Analysis 
As previously stated, a total of 210 students (male and female) participated in 
the present study. These students were randomly assigned to control, TCCAI, and 
SCCAI groups respectively. Each group consisted of 70 students. None of the 
students were absent on more than one day during the intervention period. However, 2 
students (both female) in the control group; 2 students (I male and 1 female) in the 
TCCAI group; and 2 students (both male) in the SCCAI group were absent on the day 
of post-tests. These students with missing data were not included in data analysis. 
Consequently, data for both the attitude and achievement post-tests were collected 
from 204 students (68 students in each group). Table 5.1 provides the gender-wise 
distribution of the participants in the three groups after missing data analysis. Each 
group consists of 41 male and 27 female students, as shown in Figure 5.1. 
Table 5.1 
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Figure 5.1: Gender-wise Distribution of Students in each Group after Missing 
Data Analysis 
5.2 Results concerning the Equality of Instructional Groups before the 
Intervention 
In order to ensure the equality of the control and experimental groups, 
preliminary analysis were performed using two-way ANOVA to examine the 
equivalence of the groups on Physical Science attitude at pre-test stage. Two-way 
ANOVA (3 X 2) is conducted as a function of instructional methods and gender. The 
two independent variables are instructional method (instructional group) having three 
levels (traditional teaching, TCCAI, and SCCAI) and gender having two levels (male 
and female). The dependent variable is Pre-PSA scores on PSAS administered at pre-
test stage. The descriptive statistics for the Pre-PSA scores as a function of 
instructional group and gender are presented in Table 5.2. Figure 5.2 shows that the 























































Control Group TCCAI Group SCCAI Groof> 
Instructional Group 
Figure 5.2: Comparison of Mean Pre-PSA Scores for Control, TCCAI, and 
SCCAI Groups 
The results of ANOVA in Table 5.3 show that the main effect of instructional 
method (instructional group) and gender as well as interaction effect of instructional 
method and group are not significant at .05 level, as their p values are more than .05. 
Therefore, the groups are considered as equivalent at pre-test stage as far as their 
attitude towards Physical Science is concerned. 
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Table 5.3 



































Note, p >.05 
Similarly, in order to ensure the equality of the control and experimental 
groups, preliminary analysis were performed using two-way ANOVA to examine the 
equivalence of the groups on Physical Science achievement at pre-test stage. Two-
way ANOVA (3 X 2) is conducted as a function of instructional methods and gender. 
The two independent variables are instructional method (instructional group) and 
gender. The dependent variable is Pre-test scores on PSAT administered at pre-test 
stage. The descriptive statistics for the Pre-test scores on PSAT scores as a function of 
instructional group and gender are presented in Table 5.4. Figure 5.3 depicts that the 
mean pre-test of both control and SCCAI groups is slightly higher than that of TCCAI 
group. 
Table 5.4 
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Figure 5.3: Comparison of Mean Pre-test Scores for Control, TCCAI, and 
SCCAI Groups 
The results of ANOVA in Table 5.5 show that the main effect of instructional 
method and gender as well as interaction effect of instructional method and group are 
not significant at .05 level. Therefore, the groups are considered as equivalent at pre-
test stage as far as their achievement in Physical Science is concerned. 
Table 5.5 


































Note, p >.05 
5.3 To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the control group 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
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Ho 1: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the control group. 
In order to evaluate the impact of the intervention on control group students' 
attitude towards Physical Science, descriptive statistics are calculated first for their 
Pre-Science Attitude (Pre-PSA) and Post-Science Attitude (Post-PSA) scores on the 
Physical Science Attitude Scale (PSAS). The Pre-PSA and Post-PSA means and 
standard deviations for the control group are reported in Table 5.6. 
Table 5.6 



























Figure 5.4: Comparison of Mean Pre-PSA and Post-PSA Scores for the Control 
Group 
Then, a paired-samples t test is conducted to determine if there is a significant 
difference between the mean Pre-PSA and Post-PSA mean scores for the control 
group. The results in Table 5.6 indicate that there is a significant difference between 
the Pre-PSA and Post-PSA means, t (67) = -19.87, p < .05. The Post-PSA mean 
scores (M= 127.38, SD = 7.44) are significantly higher than the Pre-PSA mem scores 
{M = 107.03, SD = 7.17) for the control group, as shovm clearly in Figure 5.4. 
Therefore, the null hypothesis Ho \ is rejected at .05 level. 
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Table 5.7 
Paired-Samples t-testfor Physical Science Attitude for the Control Group 

























*p < .05 
5.4 To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the TCCAI group 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
Ho 2: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the TCCAI group. 
In order to evaluate the impact of the intervention on TCCAI group students' 
attitude towards Physical Science, descriptive statistics were calculated first for their 
Pre-PSA and Post-PSA scores on PSAS. The Pre-PSA and Post-PSA means and 
standard deviations for the TCCAI group are presented in Table 5.8. 
Table 5.8 





































Figure 5.5: Comparison of Mean Pre-PSA and Post-PSA Scores for the TCCAI 
Group 
Then, a paired-samples t test is conducted to determine if there is a significant 
difference between the mean Pre-PSA and Post-PSA mean scores for the TCCAI 
group. The results in Table 5.9 indicate that there is a significant difference between 
the Pre-PSA and Post-PSA means, / (67) = -22.75, p < .05. The Post-PSA mean 
scores {M= 134.10, SD = 7.54) are significantly higher than the Pre-PSA mean scores 
{M- 105.22, SD = 7.25) for the TCCAI group, as evident fi-om Figure 5.5. Therefore, 
the null hypothesis Ho 2 is rejected at .05 level. 
Table 5.9 
Paired-Samples t-testfor Physical Science Attitude for the TCCAI Group 

























*p < .05 
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5.5 To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the SCCAI group 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
Ho 3: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the SCCAI group. 
In order to evaluate the impact of the intervention on SCCAI group students' 
attitude towards Physical Science, descriptive statistics were calculated first for their 
Pre-PSA and Post-PSA scores on PSAS. The Pre-PSA and Post-PSA means and 
standard deviations for the SCCAI group are provided in Table 5.10. 
Table 5.10 
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Figure 5.6: Comparison of Mean Pre-PSA and Post-PSA Scores for the SCCAI 
Group 
Then, a paired-samples t test is conducted to determine if there is a significant 
difference between the mean Pre-PSA and Post-PSA mean scores for the SCCAI 
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group. The results in Table 5.11 indicate that there is a significant difference between 
the Pre-PSA and Post-PSA means, t (67) = -29.88, p < .05. The Post-PSA mean 
scores (M= 130.81, ^D = 7.40) are significantly higher than the Pre-PSA mean scores 
(M= 105.50, SD = 7.29) for the SCCAI group, as graphically represented in Figure 
5.6. Therefore, the null hypothesis Ho 3 is rejected at .05 level. 
Table 5.11 
Paired-Samples t-testfor Physical Science Attitude for the SCCAI Group 

























*p < .05 
5.6 To compare the effects of traditional teaching and Computer Assisted 
Instruction (TCCAI and SCCAI) on attitude towards Physical Science for 
students in the control group and two experimental groups respectively 
In order to suitably address the above mentioned objective, the following null 
hypotheses are formulated which have been presented in the following pages: 
Ho 4.1: There is no significant main effect of instructional method on mean post-test 
Physical Science attitude scores for students in the control, TCCAI, and 
SCCAI groups respectively, after controlling for the effect of pre-test as a 
covariate. 
Ho 4.2: There is no significant main effect of gender on mean post-test Physical 
Science attitude scores in the control, TCCAI, and SCCAI groups 
respectively, after controlling for the effect of pre-test as a covariate. 
Ho 4.3: There is no significant interaction effect of instructional method and gender 
on mean post-test Physical Science attitude scores for students in the control. 
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TCCAI, and SCCAI groups respectively, after controlling for the effect of pre-
test as a covariate. 
In order to test hypothesis 4.1, 4.2, and 4.3, a 3 x 2 between-groups analysis of 
covariance (ANCOVA) is conducted to evaluate the effects on secondary school 
students' attitude towards Physical Science as a function of instructional methods and 
gender. The two independent variables are instructional method (instructional group) 
having three levels (traditional teaching, TCCAI, and SCCAI) and gender having two 
levels (male and female). The dependent variable is Post-PSA scores on PSAS 
administered at post-test stage after the completion of the instructional period. Pre-
PSA scores on PSAS administered prior to the commencement of the instructional 
period are used as a covariate to control for individual differences. Preliminary checks 
are conducted to ensure that there is no violation of the assumptions of normality, 
linearity, homogeneity of variances, homogeneity of regression slopes, and reliable 
measurement of the covariate. The means and standard deviations for the Pre-PSA, 
Post-PSA, and adjusted Post-PSA scores are reported in Table 5.12. 
Table 5.12 



























































































a. Adjustments based on the mean of Pre-PSA (covariate) = 105.92 
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Figure 5.7 presents the graphical representation of mean PSA scores for the 
control, TCCAI, and SCCAI groups. Mean Pre-PSA scores of the three groups are 
slightly different from each other but these differences are not statistically significant 
(as already shown under the results concerning the equality of groups before the 
intervention). Therefore, ANCOVA is carried out which adjusts Post-PSA scores for 
initial differences (however smaller) on Pre-PSA (used as a covariate) and then, 
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Figure 5.7: Comparison of Mean PSA Scores for Control, TCCAI, and SCCAI 
Groups 
Table 5.13 presents the results of two-way ANCOVA which yields a 
significant effect for the covariate, F ( l , 197) - 16.95,/? < .Q5,partialy^ = .079. This 
implies that the covariate (Pre-PSA) accounts for 7.9 % of the total variance in 
attitude towards Physical Science. ANCOVA results also show a significant main 
effect for the instructional method, F (2, 197) = 15.21,/? < .^5,partial r^ - .134; this 
latter effect accounts for 13.4 % of the total variance in attitude towards Physical 
Science, aflter controlling for the effect of Pre-PSA scores used as a covariate. Since 
the results of ANCOVA indicate that there is a statistically significant difference in 
the adjusted Post-PSA means among the groups, therefore the null hypothesis Ho 4.1 
is rejected at .05 level. Higher adjusted Post-PSA mean scores of TCCAI group than 
those of the SCCAI and control groups are graphically represented in Figure 5.7. 
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Results of two-way ANCOVA in Table 5.13 also indicate a non-significant 
main effect for gender, F (1, 197) = 0.01, ;? > .05. This implies that there is no 
significant difference between the adjusted Post-PSA means of male and female 
students. Therefore, the null hypothesis Ho 4.2 is rejected at .05 level. 
Additionally, the resuhs of two-way ANCOVA in Table 5.13 show a non-
significant interaction between instructional method and gender, F (2, 197) = 0.50, p 
> .05. Therefore, the null hypothesis Ho 4.3 is rejected at .05 level. 
Table 5.13 
















































*p < .05 
5.6.1 Post Hoc Analysis using Pairwise Comparisons among adjusted Post-PSA 
Means 
Follow-up or post hoc analyses to the significant main effect for instructional 
method are conducted to determine which instructional method is more effective. The 
post hoc tests consist of all pairwise comparisons among the three instructional groups 
and are conducted in order to find out whether the differences in adjusted Post-PSA 
means of the groups are significantly different from each other. For this, the Post-PSA 
means adjusted for initial differences are ordered as shown in Table 5.14. The TCCAI 
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group has the largest adjusted mean (M = 134.28), the SCCAI group has 
comparatively smaller adjusted mean (M = 130.93) than the TCCAI group, and the 
control group has the smallest adjusted mean (M= 127.27). The Bonferroni procedure 
is used to control for Type I error across the three pairwise comparisons (a' = .05/3 = 
.017). The results in Table 5.14 show that the adjusted Post-PSA mean for the TCCAI 
group differs significantly from that of SCCAI group at .05 level but not at .017 level 
and from that of control group at both .05 and .017 levels. Also, the adjusted Post-
PSA mean for the SCCAI group differs significantly from that of the control group at 
both .05 and .017 levels. Overall, the 3 x 2 ANCOVA indicates superiority for the 
TCCAI method as far as its effects on students' attitude towards Physical Science is 
concerned. 
Table 5.14 





























a./7-values are adjusted using the Bonferroni method. 
5.7 To compare the achievement in Physical Science at pre-test and post-test 
stages respectively for students in the control group 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
Ho 5: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the control group. 
In order to evaluate the impact of the intervention on control group students' 
achievement in Physical Science, descriptive statistics are calculated first for their 
Pre-test and Post-test scores on the Physical Science Achievement Test (PSAT). The 
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Pre-test and Post-test means and standard deviations for the control group are reported 
in Table 5.15. 
Table 5.15 
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Figure 5.8: Comparison of Mean Pre-test and Post-test Scores for the Control 
Group 
Then, a paired-samples t test is conducted to determine if there is a significant 
difference between the mean Pre-test and Post-test mean scores for the control group. 
The results in Table 5.16 indicate that there is a significant difference between the 
Pre-test and Post-test means, t (67) = -30.72, p < .05. The Post-test mean scores (M = 
48.84, SD = 9.68) are significantly higher than the Pre-test mean scores (M = 26.84, 
SD = 6.44) for the control group, as shown in Figure 5.8. Therefore, the null 
hypothesis Ho 5 is rejected at .05 level. 
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Table 5.16 
Paired-Samples t-testfor Physical Science Achievement for the Control Group 
























*p < .05 
5.8 To compare the achievement in Physical Science at pre-test and post-test 
stages respectively for students in the TCCAI group 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
Ho 6: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the TCCAI group. 
In order to evaluate the impact of the intervention on TCCAI group students' 
achievement in Physical Science, descriptive statistics are calculated first for their 
Pre-test and Post-test scores on PSAT. The Pre-test and Post-test means and standard 
deviations for the TCCAI group are presented in Table 5T7. 
Table 5.17 


















Figure 5.9: Comparison of Mean Pre-test and Post-test Scores for the TCCAI 
Group 
Then, a paired-samples t test is conducted to determine if there is a significant 
difference between the mean Pre-test and Post-test mean scores for the TCCAI group. 
The resuhs in Table 5.18 indicate that there is a significant difference between the 
Pre-test and Post-test means, t (67) = - 44.01, p < .05. The Post-test mean scores (M = 
57.02, SD =• 9.96) are significantly higher than the Pre-test mean scores (M = 25.32, 
SD = 7.65) for the TCCAI group, as evident from Figure 5.9. Therefore, the null 
hypothesis Ho 6 is rejected at .05 level. 
Table 5.18 
Paired-Samples t-testfor Physical Science Achievement for the TCCAI Group 
























*p < .05 
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5.9 To compare the achievement in Physical Science at pre-test and post-test 
stages respectively for students in the SCCAI group 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
Ho 7: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the SCCAI group. 
In order to evaluate the impact of the intervention on SCCAI group students' 
achievement in Physical Science, descriptive statistics are calculated first for their 
Pre-test and Post-test scores on PSAT. The Pre-test and Post-test means and standard 
deviations for the SCCAI group are reported in Table 5.19. 
Table 5.19 








































Figure 5.10: Comparison of Mean Pre-test and Post-test Scores for the SCCAI 
Group 
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Then, a paired-samples t test is conducted to determine if there is a significant 
difference between the mean Pre-test and Post-test mean scores for the SCCAI group. 
The resuhs in Table 5.20 indicate that there is a significant difference between the 
Pre-test and Post-test means, t {61) = -32.53, p < .05. The Post-test mean scores (M = 
53.40, SD = 10.94) are significantly higher than the Pre-test mean scores (M= 26.35, 
SD = 7.32) for the SCCAI group, as depicted graphically in Figure 5.10. Therefore, 
the null hypothesis Ho 7 is rejected at .05 level. 
Table 5.20 
Paired-Samples t-testfor Physical Science Achievement for the SCCAI Group 
























*p < .05 
5.10 To compare the effects of traditional teaching and Computer Assisted 
Instruction (TCCAI and SCCAI) on achievement in Physical Science for 
students in the control group and two experimental groups respectively 
In order to suitably address the above mentioned objective, the following null 
hypotheses are formulated which have been presented in the following pages: 
Ho 8.1: There is no significant main effect of instructional method on mean post-test 
achievement scores for students in the control, TCCAI, and SCCAI groups 
respectively, after controlling for the effect of pre-test as a covariate. 
Ho 8.2: There is no significant main effect of gender on mean post-test achievement 
scores for students in the control, TCCAI, and SCCAI groups respectively, 
after controlling for the effect of pre-test as a covariate. 
Ho 8.3:There is no significant interaction effect of instructional method and gender on 
mean post-test achievement scores for students in the control, TCCAI, and 
SCCAI groups respectively, after controlling for the effect of pre-test as a 
covariate. 
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In order to test hypothesis 8.1 8.2, and 8.3, a 3 x 2 between-groups analysis of 
covariance (ANCOVA) is conducted to evaluate the effects on secondary school 
students' achievement in Physical Science as a function of instructional methods and 
gender. The two independent variables are instructional method (instructional group) 
having three levels (traditional teaching, TCCAI, and SCCAI) and gender having two 
levels (male and female). The dependent variable is Post-test scores on PSAT 
administered at post-test stage after the completion of the instructional period. Pre-test 
scores on PSAT administered prior to the commencement of the instructional period 
are used as a covariate to control for individual differences. Preliminary checks are 
conducted to ensure that there is no violation of the assumptions of normality, 
linearity, homogeneity of variances, homogeneity of regression slopes, and reliable 
measurement of the covariate. The means and standard deviations for the Pre-test, 
Post-test, and adjusted Post-test scores are reported in Table 5.21. 
Table 5.21 
Descriptive Statistics for Physical Science Achievement Scores by Instructional 


























































































a. Adjustments based on the mean of Pre-test (covariate) = 26.17 
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Figure 5.11 presents the graphical representation of mean achievement scores 
for the control, TCCAI, and SCCAI groups. Mean Pre-test scores of three groups are 
slightly different from each other but these differences are not statistically significant 
(as already shown under the results concerning the equality of groups before the 
intervention). Therefore, ANCOVA is carried out which adjusts Post-test scores for 
initial differences (however smaller) on Pre-test (used as a covariate) and then, 
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Figure 5.11: Comparison of Mean Achievement Scores for Control, TCCAI, and 
SCCAI Groups 
Table 5.22 presents the results of two-way ANCOVA which yields a 
significant effect for the covariate, F ( ] , 197) = 340.88,/? < .05, partial x]^ = .634. This 
implies that the covariate (Pre-test) explains 63.4 % of the total variance in 
achievement in Physical Science, and the students having higher scores on Pre-test are 
more likely to score higher on the Post-test as well. ANCOVA results also show a 
significant main effect for the instructional method, F (2, 197) = 40.40, p < .05, 
partial x]^ = .291; this latter effect accounts for 29.1 percent of the total variance in 
achievement in Physical Science, after controlling for the effect of Pre-test scores 
used as a covariate. Since the results of ANCOVA indicate that there is a statistically 
significant difference in the adjusted Post-test means among the groups, therefore the 
null hypothesis Ho 8.1 is rejected at .05 level. Higher adjusted Post-test mean scores 
of TCCAI group than those of the SCCAI and control groups are graphically 
represented in Figure 5.11. 
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Results of two-way ANCOVA in Table 5.22 also indicate a non-significant 
main effect for gender, F (1, 197) = 0.09, p > .05. This proves that there is no 
significant difference between the adjusted Post-test means of male and female 
students. Therefore, the null hypothesis Ho 8.2 is rejected at .05 level. 
Additionally, the results of two-way ANCOVA in Table 5.22 show a non-
significant interaction between instructional method and gender, F(2, 197) = 0.72, p> 
.05. Therefore, the null hypothesis Ho 8.3 is rejected at .05 level. 
Table 5.22 
















































*p < .05 
5.10.1 Post Hoc Analysis using Pairwise Comparisons among adjusted Post-test 
Means 
Follow-up or post hoc analyses to the significant main effect for instructional 
method are conducted to determine which instructional method is more effective. The 
post hoc tests consist of all pairwise comparisons among the three instructional groups 
and are conducted in order to find out whether the differences in adjusted Post-test 
means of the groups are significantly different from each other. For this, the Post-test 
means adjusted for inifial differences are ordered as shown in Table 5.23. The TCCAI 
group has the largest adjusted mean (M= 57.99), the SCCAI group has comparatively 
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smaller adjusted mean (M= 53.01) than the TCCAI group, and the control group has 
the smallest adjusted mean (M= 48.16). The Bonferroni procedure is used to control 
for Type I error across the three pairwise comparisons (a' = .05/3 - .017). The results 
in Table 5.23 show that the adjusted Post-test mean for the TCCAI group differs 
significantly from that of the SCCAI and control groups at both .05 and .017 levels. 
Also, the adjusted Post-test mean for the SCCAI group differs significantly from thai 
of the control group at both .05 and .017 levels. Overall, the 3 x 2 ANCOVA indicates 
superiority for the TCCAI method as far as its effects on students' achievement in 
Physical Science is concerned. 
Table 5.23 





























a. p-values are adjusted using the Bonferroni method. 
5.11 To examine the effects of traditional teaching and Computer Assisted 
Instruction (TCCAI and SCCAI) on achievement in Physical Science for 
students in the control group and two experimental groups respectively at 
different levels of the cognitive domain (viz., knowledge, comprehension, 
application, HOTS) 
In order to suitably address the above mentioned objective, the 
following null hypothesis is formulated: 
Ho 9: There is no significant difference between the mean post-test achievement 
scores for students in the control, TCCAI, and SCCAI groups respectively, at 
different levels of cognitive domain, after controlling for the effect of pre-test 
as a covariate. 
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In order to test this hypothesis, one-way ANCOVA is carried out 
separately on students' post-test scores on knowledge, comprehension, 
application, and HOTS subscales of PSAT respectively. 
5.11,1 Achievement at Knowledge level of the Cognitive Domain 
In order to explore the impact of the intervention on students' post-test scores 
on knowledge subscale of PSAT, a one-way between-groups analysis of covariance is 
conducted. The independent variable is instructional method having three levels 
(traditional teaching, TCCAI, and SCCAI). The dependent variable is post-test scores 
on knowledge subscale of PSAT and pre-test scores on knowledge subscale of PSAT 
are used as a covariate to control for initial differences. Preliminary checks are 
conducted to ensure that there is no violation of the assumptions of normality, 
linearity, homogeneity of variances, homogeneity of regression slopes, and reliable 
measurement of the covariate. The means and standard deviations for the pre-test, 
post-test and adjusted post-test scores are reported in Table 5.24. Figure 5.12 presents 
the graphical representation of mean achievement scores on knowledge subscale of 
PSAT for the three groups. 
Table 5.24 
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Figure 5.12: Comparison of Mean Achievement Scores on Knowledge Subscale 
of PSAT for Control, TCCAI, and SCCAI Groups 
Results in Table 5.25 show that the ANCOVA yields a significant efFect for 
the covariate, F (1, 200) = 89.73, p < .05, partial x\^ = .310; and a significant main 
effect for the instructional method, F (2, 200) = 32.61,p < .05, partial r\^ = .246; this 
latter effect accounts for 24.6 percent of the total variance in post-test scores on 
knowledge subscale of PSAT, after controlling for the effect of pre-test scores used as 
a covariate. The covmate (Pre-test) accounts for 31 % of the total variance in 
achievement on knowledge subscale. Thus, the results of ANCOVA indicate that 
there is a statistically significant difference in the adjusted post-test means among the 
groups on knowledge subscale of PSAT. Figure 5.12 clearly shows that the adjusted 
post-test mean scores of TCCAI and SCCAI are higher than those of the control 
group. 
Table 5.25 

































*p < .05 
Nole. Pre-test represents pre-test scores on knowledge component of PSAT. 
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5.11.1.1 Post Hoc Analysis using Pairwise Comparisons among adjusted 
Post-test Means on Knowledge subscale 
Post hoc analyses to the significant effect of instructional method on 
knowledge subscale of PSAT are conducted to determine which instructional method 
is more effective. The post hoc tests consist of all pairwise comparisons among the 
adjusted post-test means for the three instructional groups. For this, the Post-test 
means adjusted for initial differences are ordered as shown in Table 5.26. The TCCAI 
group has the largest adjusted mean (A/= 21.78), the SCCAI group has comparatively 
smaller adjusted mean {M= 20.77) than the TCCAI group, and the control group has 
the smallest adjusted mean {M= 18.94). The Bonferroni procedure is used to control 
for Type I error across the three pairwise comparisons (a' = .05/3 = .017). The results 
in Table 5.26 show that the adjusted post-test mean for the TCCAI group differs 
significantly from both the SCCAI and control groups at both .05 and .017 levels. 
Also, the adjusted post-test mean for the SCCAI group differs significantly from that 
of the control group at both .05 and .017 levels. Overall, the 3 x 2 ANCOVA indicates 
superiority for the TCCAI method as far as its effects on students' achievement in 
Physical Science at knowledge level of the cognitive domain is concerned. 
Table 5.26 
Pairwise Comparisons of Differences in Adjusted Post-test Means on Knowledge 




























a. p-values are adjusted using the Bonferroni method. 
5.11.2 Achievement at Comprehension level of the Cognitive Domain 
In order to explore the impact of the intervention on students' post-test scores 
on comprehension subscale of PSAT, a one-way between-groups analysis of 
covariance is conducted. The independent variable is instructional method having 
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three levels (traditional teaching, TCCAI, and SCCAI). The dependent variable is 
post-test scores on comprehension subscale of PSAT and pre-test scores on 
comprehension subscale of PSAT are used as a covariate to control for initial 
differences. Preliminary checks are conducted to ensure that there is no violation of 
the assumptions of normality, linearity, homogeneity of variances, homogeneity of 
regression slopes, and reliable measurement of the covariate. The means and standard 
deviations for the pre-test, post-test and adjusted post-test scores are reported in Table 
5.27. Figure 5.13 depicts the graphical representation of mean achievement scores on 
comprehension subscale of PSAT for the three groups. 
Table 5.27 
Descriptive Statistics for Achievement Scores on Comprehension Subscale of PSA T 
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Figure 5.13: Comparison of Mean Achievement Scores on Comprehension 
Subscale of PSAT for Control, TCCAI, and SCCAI Groups 
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Results in Table 5.28 show that the ANCOVA yields a significant effect for 
the covariate, F (1, 200) = 125.58, p < .05, partial x\^ = .386 and a significant main 
effect for the instructional method, F (2, 200) = 13.90,;? < .05, partial ^^ = .122; this 
latter effect accounts for 12.2 percent of the total variance in post-test scores on 
comprehension component of PSAT, after controlling for the effect of pre-test scores 
used as a covariate. The covariate (Pre-test) accounts for 38.6 % of the total variance 
in achievement on comprehension subscale. Thus, the results of ANCOVA indicate 
that there is a statistically significant difference in the adjusted post-test means among 
the groups on comprehension subscale of PSAT. Figure 5.13 clearly shows that the 
adjusted post-test mean scores of TCCAI and SCCAI are higher than those of the 
control group. 
Table 5.28 

































*p < .05 
Note. Pre-test represents pre-test scores on comprehension component of PSAT. 
5.11.2.1 Post Hoc Analysis using Pairwise Comparisons among adjusted 
Post-test Means on Comprehension subscale 
Post hoc analyses to the significant effect of instructional method on comprehension 
subscale of PSAT are conducted to determine which instructional method is more 
effective. The post hoc tests consist of all pairwise comparisons among the adjusted 
post-test means for the three instructional groups. For this, the Post-test means 
adjusted for initial differences are ordered as shown in Table 5.29. The TCCAI group 
has the largest adjusted mean (M = 16.28), the SCCAI group has comparatively 
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smaller adjusted mean (M= 15.08) than the TCCAI group, and the control group has 
the smallest adjusted mean (M= 13.87). The Bonferroni procedure is used to control 
for Type I effor across the thi'ee pairwise comparisons (a' = .05/3 = .017). The results 
in Table 5.29 show that the adjusted post-test mean for the TCCAI group differs 
significantly from that of the SCCAI group at .05 level but not at .017 level and from 
that of the control group at both .05 and .017 levels. Also, the adjusted post-test mean 
for the SCCAI group differs significantly from that of the control group at .05 level 
but not at .017 level. Overall, the 3 x 2 ANCOVA indicates superiority for the TCCAI 
method as far as its effects on students' achievement in Physical Science at 
comprehension level of the cognitive domain is concerned. 
Table 5.29 
Pairwise Comparisons of Differences in Adjusted Post-test Means on 




























a. p-values are adjusted using the Bonferroni method. 
5.11.3 Achievement at Application level of the Cognitive Domain 
In order to explore the impact of the intervention on students' post-test scores 
on application subscale of PSAT, a one-way between-groups analysis of covariance is 
conducted. The independent variable is instructional method having three levels 
(traditional teaching, TCCAI, and SCCAI). The dependent variable is post-test scores 
on application subscale of PSAT and pre-test scores on application subscale of PSAT 
are used as a covariate to control for initial differences. Preliminary checks are 
conducted to ensure that there is no violation of the assumptions of normality, 
linearity, homogeneity of variances, homogeneity of regression slopes, and reliable 
measurement of the covariate. The means and standard deviations for the pre-test, 
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post-test and adjusted post-test scores are reported in Table 5.30. Figure 5.14 shows 
the graphical representation of mean achievement scores on application subscale of 
PSAT for the three groups. 
Table 5.30 







































a. Adjustments based on the mean of Pre-test (covariate) = 3.98 
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Figure 5.14: Comparison of Mean Achievement Scores on Application Subscale 
of PSAT for Control, TCCAI, and SCCAI Groups 
Results in Table 5,31 show that the ANCOVA yields a significant effect for 
the covariate, F (1, 200) = 63.10, p < .05, partial yf - .240 and a significant main 
effect for the instructional method, F (2, 200) = 16.11, p < .05, partial \^ = .139; this 
latter effect accounts for 13.9 percent of the total variance in post-test scores on 
application subscale of PSAT, after controlling for the effect of pre-test scores used as 
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a covariate. The covariate (Pre-test) accounts for 24 % of the total variance in 
achievement on application subscale. Thus, the results of ANCOVA indicate that 
there is a statistically significant difference in the adjusted post-test means among the 
groups on application subscale of PSAT. Thus, the results of ANCOVA indicate that 
there is a statistically significant difference in the adjusted post-test means among the 
groups on application subscale of PSAT. Figure 5.14 clearly shows that the adjusted 
post-test mean scores of TCCAl and SCCAI are higher than those of the control 
group. 
Table 5.31 

































*p < .05 
Note. Pre-test represents pre-test scores on application component of PS AT. 
5.11.3.1 Post Hoc Analysis using Pairwise Comparisons among adjusted 
Post-test Means on Application subscale 
Post hoc analyses to the significant effect of instructional method on application 
subscale of PSAT are conducted to determine which instructional method is more 
effective. The post hoc tests consist of all pairwise comparisons among the adjusted 
post-test means for the three instructional groups. For this, the Post-test means 
adjusted for initial differences are ordered as shown in Table 5.32. The TCCAI group 
has the largest adjusted mean {M = \\.9\), the SCCAI group has comparatively 
smaller adjusted mean (M= 10.72) than the TCCAI group, and the control group has 
the smallest adjusted mean (M = 9.63). The Bonferroni procedure is used to control 
for Type I error across the three pairwise comparisons (a' = .05/3 = .017). The results 
in Table 5.32 show that the adjusted post-test mean for the TCCAI group differs 
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significantly from that of the SCCAI and from that of the control group at both .05 
and .017 levels. Also, the adjusted post-test mean for the SCCAI group differs 
significantly from that of the control group at .05 level but not at .017 level. Overall, 
the 3 X 2 ANCOVA indicates superiority for the TCCAI method as far as its effects 
on students' achievement in Physical Science at application level of the cognitive 
domain is concerned. 
Table 5.32 
Pairwise Comparisons of Differences in Adjusted Post-test Means on Application 




























a. p-values are adjusted using the Bonferroni method. 
5.11.4 Achievement at HOTS level of the Cognitive Domain 
In order to explore the impact of the intervention on students' post-test scores 
on HOTS subscale of PSAT, a one-way between-groups analysis of covariance is 
conducted. The independent variable is instructional method having three levels 
(traditional teaching, TCCAI, and SCCAI). The dependent variable is post-test scores 
on HOTS subscale of PSAT and pre-test scores on HOTS subscale of PSAT are used 
as a covariate to control for initial differences. Preliminary checks are conducted to 
ensure that there is no violation of the assumptions of normality, linearity, 
homogeneity of variances, homogeneity of regression slopes, and reliable 
measurement of the covariate. The means and standard deviations for the pre-test, 
post-test and adjusted post-test scores are reported in Table 5.33. Figure 5.15 presents 
the graphical representation of mean achievement scores on HOTS subscale of PSAT 
for the three groups. 
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Table 5.33 







































a. Adjustments based on the mean of Pre-test (covariate) =1.15 
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Figure 5.15: Comparison of Mean Achievement Scores on HOTS Subscale of 
PSAT for Control, TCCAI, and SCCAI Groups 
Results in Table 5.34 show that the ANCOVA yields a significant effect for 
the covariate, F (1, 200) = 632.11, p < .05, partial T^^ = .759 and a significant main 
effect for the instructional method, F (2, 200) = 9.36, p < .05, partial ^^ - .085; this 
latter effect accounts for 8.5 percent of the total variance in post-test scores on HOTS 
subscale of PSAT, after controlling for the effect of pre-test scores used as a 
covariate. The covariate (Pre-test) accounts for 75.9 % of the total variance in 
achievement on HOTS subscale. Thus, the results of ANCOVA indicate that there is a 
statistically significant difference in the adjusted post-test means among the groups on 
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HOTS subscale of PS AT. Figure 5.15 clearly shows that the adjusted post-test mean 
scores of TCCAI and SCCAI are higher than those of the control group. 
Table 5.34 

































*p < .05 
Note. Pre-test represents pre-test scores on HOTS component of PSAT. 
5.11.4.1 Post Hoc Analysis using Pairwise Comparisons among adjusted 
Post-test Means on HOTS subscale 
Post hoc analyses to the significant effect of instructional method on HOTS 
subscale of PSAT are conducted to determine which instructional method is more 
effective. The post hoc tests consist of all pairwise comparisons among the adjusted 
post-test means for the three instructional groups. For this, the Post-test means 
adjusted for initial differences are ordered as shown in Table 5.35. The TCCAI group 
has the largest adjusted mean (M= 7.27), the SCCAI group has comparatively smaller 
adjusted mean {M = 6.70) than the TCCAI group, and the control group has the 
smallest adjusted mean (M= 6.31). The Bonferroni procedure is used to control for 
Type I error across the tliree pairwise comparisons (a' = .05/3 = .0167). The results in 
Table 5,35 show that the adjusted post-test mean for the TCCAI group differs 
significantly from that of the SCCAI group at .05 level but not at .017 level and from 
that of the control group at both .05 and .017 levels. But, the adjusted post-test mean 
for the SCCAI group does not differ significantly from that of the control group at 
both .05 and .017 levels. Overall, the 3 x 2 ANCOVA indicates superiority for the 
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TCCAI method as far as its effects on students' achievement in Physical Science at 
HOTS level of the cognitive domain is concerned. 
Table 5.35 
Pairwise Comparisons of Differences in Adjusted Post-test Means on HOTS 




























a. p-values are adjusted using the Bonferroni method. 
The results of one-way ANCOVA followed by post hoc analyses (using 
pairwise comparisons) indicate statistically significeint differences among the three 
instructional groups at .05 level ( except for the difference between the adjusted post-
test mean for the SCCAI and that of the control groups) as far as their achievement at 
different levels of cognitive domain is concerned. Therefore, the hypothesis Ho 9, 
stating that '''There is no significant difference between the mean post-test 
achievement scores for students in the control, TCCAI, and SCCAI groups 
respectively, at different levels of cognitive domain, after controlling for the effect of 
pre-test as a covariate", is partially rejected at .05 level of significance. 
5.12 To examine the effects of traditional teaching and Computer Assisted 
Instruction (TCCAI and SCCAI) on achievement in Physical Science for 
students in the control group and two experimental groups respectively in 
different content areas (Physics and Chemistry) of Physical Science 
In order to suitably address the above mentioned objective, the 
following null hypothesis is formulated: 
Ho 10: There is no significant difference between the mean post-test achievement 
scores for students in the control, TCCAI, and SCCAI groups respectively, in 
different content areas of Physical Science, after controlling for the effect of 
pre-test as a covariate. 
165 
In order to test this hypothesis, one-way ANCOVA is conducted separately on 
students' post-test scores on Physics and Chemistry subscales of PSAT 
respectively. 
5.12.1 Achievement on Physics subscale 
In order to explore the impact of the intervention on students' post-test scores 
on Physics subscale of PSAT, a one-way between-groups analysis of covariance is 
conducted. The independent variable is instructional method having three levels 
(traditional teaching, TCCAI, and SCCAI). The dependent variable is post-test scores 
on Physics part of PSAT and pre-test scores on Physics subscale of PSAT are used as 
a covariate to control for initial differences. Preliminary checks are conducted to 
ensure that there is no violation of the assumptions of normality, linearity, 
homogeneity of variances, homogeneity of regression slopes, and reliable 
measurement of the covariate. The means and standard deviations for the pre-test, 
post-test and adjusted post-test scores are reported in Table 5.36. Figure 5.16 presents 
the graphical representation of mean achievement scores on Physics subscale of 
PSAT for the three groups. 
Table 5.36 







































a. Adjustments based on the mean of Pre-test (covariate) = 13.16 
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Figure 5.16: Comparison of Mean Achievement Scores on Physics Subscale of 
PSAT for Control, TCCAI, and SCCAI Groups 
Results in Table 5.37 show that the ANCOVA yields a significant effect for 
the covariate, F (1, 200) = 323.51, /? < .05, partial T)^  = .618 and a significant main 
effect for the instructional method, F (2,200) = 38.53, p < .05, partial ^^ = .278; this 
latter effect accounts for 27.8 percent of the total variance in post-test scores on 
Physics subscale of PSAT, after controlling for the effect of pre-test scores used as a 
covariate. The covariate (Pre-test) accounts for 61.8 % of the total variance in 
achievement on Physics subscale. Thus, the results of ANCOVA indicate that there is 
a statistically significant difference in the adjusted post-test means among the groups 
on Physics subscale of PSAT. Figure 5.16 clearly shows that the adjusted post-test 
mean scores of TCCAI and SCCAI are higher than those of the control group. 
Table 5.37 

































*p < .05 
Note. Pre-test represents pre-test scores on Physics subscale of PSAT. 
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5.12.1.1 Post Hoc Analysis using Pairwisc Comparisons among adjusted 
Post-test Means on Physics subscale 
Post hoc analyses to the significant effect of instructional method on Physics 
subscale of PSAT arc conducted to determine which instructional method is more 
effective, f he post hoc tests consist of all pairwise comparisons among the adjusted 
post-test means for the three instructional groups. For this, the Post-test means 
adjusted for initial differences are ordered as shown in Table 5.38. fhe TCCAI group 
has the largest adjusted mean (M -^  28.99), the SCCAI group has comparatively 
smaller adjusted mean {M ^ 26.48) than the TCCAI group, and the control group has 
the smallest adjusted mean (M= 24.17). The Bonferroni procedure is used to control 
for lype I error across the three pairwise comparisons (a' -= .05/3 -^ .017). The results 
in Table 5.38 show that the adjusted post-test mean for the TCCAI group differs 
significantly from that of the SCCAI and control groups at both .05 and .017 levels. 
Also, the adjusted post-test mean for the SCCAI group differs significantly from that 
of the control group at both .05 and .017 levels. Overall, the 3 x 2 ANCOVA indicates 
superiority for the TCCAI method as far as its effects on students' achievement in 
Physics is concerned. 
Tabic 5.38 
Pairwise Coinparisons of Differences in Adjusted Post-test Means on Physics 




























a. p-valucs arc adjusted using the Bonferroni method. 
5.12,2 Acliie\cment on Chemistry subscale 
In order to explore the impact of the intervention on students" post-test scores 
on Chemistry subscale of PSAT, a one-way bctween-groups analysis of covariance is 
conducted, fhe independent variable is instructional method having three levels 
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(traditional teaching, TCCAI, and SCCAI). The dependent variable is post-test scores 
on Chemistry part of PSAT and pre-test scores on Chemistry subscale of PSAT are 
used as a covariate to control for initial differences. Preliminary checks are conducted 
to ensure that there is no violation of the assumptions of normality, linearity, 
homogeneity of variances, homogeneity of regression slopes, and reliable 
measurement of the covariate. The means and standard deviations for the pre-test, 
post-test and adjusted post-test scores are reported in Table 5.39. Figure 5.17 presents 
the graphical representation of mean achievement scores on Chemistry subscale of 
PSAT for the three groups. 
Table 5.39 
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Figure 5.17: Comparison of Mean Achievement Scores on Chemistry Subscale of 
PSAT for Control, TCCAI, and SCCAI Groups 
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Results in Table 5.40 show that the ANCOVA yields a significant eflcct for 
the covariate. F (1. 200) - 283.94. p < .05, partial y[- ^ .587 and a significant main 
clTcct for the instructional method, F (2, 200) = 38.56,;? < .05, partial rj"^  - .278; this 
latter effect accounts for 27.8 percent of the total variance in post-test scores on 
Chemistry part of PSA'f, after controlling for the effect of prc-tcst scores used as a 
covariate. The covariate (Pre-test) accounts for 58.7 % of the total variance in 
achievement on Physics subscale. Thus, the results of ANCOVA indicate that there is 
a statistically significant difference in the adjusted post-test means among the groups 
on Chemistry subscale of PSAT. Figure 5.17 clearly shows that the adjusted post-test 
mean scores of TCCAl and SCCAI are higher than those of the control group. 
1 able 5.40 

































*p < .05 
Nole. Pre-test represents pre-test scores on Chemistry subscale of PSAT. 
5.12.2.1 Post-Hoc Analysis using Pairvvise Comparisons among adjusted 
Post-test Means on Chemistry subscale 
Post hoc analyses to the significant effect of instructional method on 
Chemistry subscale of PSAT are conducted to determine which instructional method 
is more effective. The post hoc tests consist of all pairwise comparisons among the 
adjusted post-test means for the three instructional groups. Por this, the Post-test 
means adjusted lor initial differences are ordered as shown in 'fable 5.41. 'Ihe fCCAI 
group has the largest adjusted mean (A'/= 28.96), the SCCAI group has comparatively 
smaller adjusted mean (A/ = 26.72) than the TCCAI group, and the control group has 
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the smallest adjusted mean (M= 23.94). The Bonferroni procedure is used to control 
for Type I error across the three pairwise comparisons (a' = .05/3 = .017). The resuhs 
in Table 5.41 show that the adjusted post-test mean for the TCCAI group differs 
significantly from that of the SCCAI and control groups at both .05 and .017 levels. 
Also, the adjusted post-test mean for the SCCAI group differs significantly from that 
of the control group at both .05 and .017 levels. Overall, the 3 x 2 ANCOVA indicates 
superiority for the TCCAI method as far as its effects on students' achievement in 
Chemistry is concerned. 
Table 5.41 
Pairwise Comparisons of Differences in Adjusted Post-test Means on Chemistry 




























a. ;?-values are adjusted using the Bonferroni method. 
The results of one-way ANCOVA followed by post hoc analyses (using 
pairwise comparisons) indicate statistically significant differences among the three 
instructional groups at .05 level as far as their achievement in different areas of 
Physical Science (Physics and Chemistry) is concerned. Therefore, the hypothesis Ho 
10, stating that ''There is no significant difference between the mean post-test 
achievement scores for students in the control, TCCAI, and SCCAI groups 
respectively, in different content areas of Physical Science, after controlling for the 
effect ofpre-test as a covariate", is rejected at .05 level of significance. 
5.13 To study the combined and individual effect of CAI attitude subscales on 
attitude towards Physical Science for students in the TCCAI and SCCAI 
groups respectively 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
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Ho 11: CAI attitude subscales do not significantly predict the attitude towards 
Physical Science for students in the TCCAI and SCCAI groups respectively. 
In order to test this hypothesis, multiple regression analysis is carried out 
separately for TCCAI and SCCAI groups. 
In order to study the combined and individual effect of CAI attitude subscales 
or factors on attitude towards Physical Science for students in the TCCAI group, CAI 
attitude subscales (namely, content presentation, assessment, individualization, 
integration, and perceived effectiveness) are used as independent variables or 
predictors in a standard muhiple regression analysis to predict attitude towards 
Physical Science, the dependent variable. Preliminary analyses are conducted to 
ensure no violation of the assumptions of normality, linearity, multicollinearity, and 
homoscedasticity. Descriptive statistics for the attitude scores on Computer Assisted 
Instruction Attitude Scale (CAIAS) are mentioned in Table 5.42. 
Table 5.42 







































As shown in Figure 5.18, the average item mean scores on all CAI attitude 
subscales for the TCCAI group are above 3, implying that this group has positive 
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Figure 5.18: Average Item Mean Scores on CAI Attitude Subscales for the 
TCCAI Group 
Results for the standard multiple regression are summarized in Table 5.43 
which shows the combined and individual effects of CAI attitude subscales on attitude 
towards Physical Science for students in the TCCAI group. The overall regression 
model, including all five independent variables, is statistically significant, F (5, 62) = 
7.29, /7 < .001, and accounts for 31.9% of the variance in attitude towards Physical 
Science (R = .608, R^ = .370, Adjusted R^ = .319). This means that this set of five CAI 
attitude subscales significantly predict the attitude towards Physical Science for 
students in the TCCAI group. 
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Table 5.43 
Results of Standard Multiple Regression to predict Attitude towards Physical 































































*p < .05 
R = .608; I^ = .370; Adjusted i?^  = .319; F (5, 62) = 7.29*; /? < .001 
Table 5.43 also displays the individual contribution of each independent 
variable towards the variance in attitude towards Physical Science for students in the 
TCCAI group. Two of the five CAI attitude subscales are significantly predictive of 
Physical Science attitude scores; these include integration, / (62) = 3.1%, p < .05; and 
perceived effectiveness, / (62) = 2.2\,p < .05. The predictive relation of integration 
and perceived effectiveness factors to attitude towards Physical Science is positive, as 
indicated by the positive sign of beta coefficient. It means that higher scores on 
integration and perceived effectiveness subscales will result in higher scores on 
attitude towards Physical Science. The values of beta coefficient, which represent the 
unique contribution of each independent variable to explaining the variance in 
dependent variable when the overlapping effects of all other independent variables are 
stafistically removed, are: p = .473 for integration and p = .283 for perceived 
effectiveness. Integration, having the largest beta coefficient, makes the strongest 
unique contribution to explaining the variance in attitude towards Physical Science, 
when the variance explained by all other variables in the model is controlled for. The 
proportions of variance uniquely explained by each of these independent variables, sr 
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(squared semipartial correlation) are: sr^ = .145 for integration and 5 / = .050 for 
perceived effectiveness, which indicate that integration and perceived effectiveness 
contribute 14.5% and 5% respectively towards the variance in attitude towards 
Physical Science, as shown in Figure 5.19. Thus, for TCCAI group and in the context 
of this set of five CAI attitude subscale as independent variables, integration is the 
strongest predictor of attitude towards Physical Science. 
I Inteeiatioii 
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Figure 5.19: Percentage Contribution of Significant CAI Attitude Subscales 
towards Variance in Attitude towards Physical Science for the TCCAI group 
In order to study the combined and individual effect of CAI attitude subscales 
on attitude towards Physical Science for students in the SCCAI group, CAI attitude 
subscales (namely, content presentation, assessment, individualization, integration, 
and perceived effectiveness) are used as independent variables or predictors in a 
standard multiple regression analysis to predict attitude towards Physical Science, the 
dependent variable. Preliminary analyses are conducted to ensure no violation of the 
assumptions of normality, linearity, muhicollinearity, and homoscedasticity. 
Descriptive statistics for the attitude scores on CAI AS are mentioned in Table 5.44. 
Figure 5.20 shows that the SCCAI group has positive attitude towards the multimedia 
CAI software used in the present study as the average item mean scores on all CAI 
attitude subscales are more than 3. 
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Table 5.44 
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Figure 5.20: Average Item Mean Scores on CAI Attitude Subscales for the 
SCCAI Group 
Results for the standard multiple regression are summarized in Table 5.45 
which shows the combined and individual effects of CAI attitude subscales on attitude 
towards Physical Science for students in the SCCAI group. The overall regression 
model, including all five independent variables, is statistically significant, F (5, 62) = 
6.88,;? < .001, and accounts for 30.5% of the variance in attitude towards Physical 
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Science (R = .597, R^ = .357, Adjusted R^ = .305). This means that this set of five CAI 
attitude subscales significantly predict the attitude towards Physical Science for 
students in the SCCAI group. 
Table 5.45 
Results of Standard Multiple Regression to predict Attitude towards Physical 































































*p < .05 
R = .597; R^ = .357; Adjusted R^ = .305; F(5, 62) - 6.88; p < .001 
Table 5.45 also displays the individual contribution of each independent 
variable towards the variance in attitude towards Physical Science for students in the 
SCCAI group. Two of the five CAI attitude subscales are significantly predictive of 
Physical Science attitude scores; these include individualization, / (62) = 3.\5, p < 
.05; and perceived effectiveness, t (62) = 2.90, p < .05. The predictive relation of 
individualization and perceived effectiveness factors to attitude towards Physical 
Science is positive, as indicated by the positive sign of beta coefficient. It means that 
higher scores on individualization and perceived effectiveness subscales will predict 
higher scores on attitude towards Physical Science. The values of beta coefficient, 
which represent the unique contribution of each independent variable to explaining 
the variance in dependent variable when the overlapping effects of all other 
independent variables are statistically removed, are: P = .370 for individualization and 
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P = .381 for perceived effectiveness. Perceived effectiveness, having the largest beta 
coefficient, makes the strongest unique contribution to explaining the variance in 
attitude towards Physical Science, when the variance explained by all other variables 
in the model is controlled for. The proportions of variance uniquely explained by each 
of these independent variables, sr^ (squared semipartial correlation) are: 5r^  = .103 for 
individualization and .vr' = .087 for perceived effectiveness, which indicate that 
individualization and perceived effectiveness contribute 10.3% and 8.7% respectively 
towards the variance in attitude towards Physical Science, as depicted in Figure 5.21. 
Perceived effectiveness, inspite of having the largest beta coefficient, makes lesser 
contribution towards the variance in attitude towards Physical Science as compared to 
individualization as its semipartial correlation (.295) is less than that of 
individualization (.321). Thus, for SCCAI group and in the context of this set of five 
CAI attitude factors as independent variables, individualization is the strongest 
predictor of attitude towards Physical Science. 
ilndi^iduaiizaHoii 
PfiTfivwl EfTrctJvfnrss 
Figure 5.21: Percentage Contribution of Significant CAI Attitude Subscales 
towards Variance in Attitude towards Physical Science for the SCCAI group 
The results of multiple regression analysis show that all the five CAI attitude 
subscales taken together significantly predict the attitude towards Physical Science for 
students in the TCCAI and SCCAI groups; and out of five CAI attitude subscales, two 
subscales, viz. integration and perceived effectiveness, for the TCCAI group and two 
subscales, viz., individualization and perceived effectiveness, for the SCCAI group 
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respectively significantly predict their attitude towards Physical Science. Therefore, 
the null hypothesis Ho 11, stating that "C^/ attitude subscales do not significantly 
predict the attitude towards Physical Science for students in the TCCAI and SCCAI 
groups respectively", is partially rejected at .05 level. 
5.14 To study the combined and individual effect of CAI attitude subscales on 
achievement in Physical Science for students in the TCCAI and SCCAI 
groups respectively 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
Ho 12: CAI attitude subscales do not significantly predict the achievement in Physical 
Science for students in the TCCAI and SCCAI groups respectively. 
In order to test this hypothesis, multiple regression analysis is carried out 
separately for TCCAI and SCCAI groups. 
In order to study the combined and individual effect of CAI attitude subscales 
or factors on achievement in Physical Science for students in the TCCAI group, CAI 
attitude subscales (namely, content presentation, assessment, individualization, 
integration, and perceived effectiveness) are used as independent variables or 
predictors in a standard multiple regression analysis to predict achievement in 
Physical Science, the dependent variable. Preliminary analyses are conducted to 
ensure no violation of the assumptions of normality, linearity, multicollinearity, and 
homoscedasticity. 
Results for the standard multiple regression are summarized in Table 5.46 
which shows the combined and individual effects of CAI attitude subscales on 
achievement in Physical Science for students in the TCCAI group. The overall 
regression model, including all five independent variables, is statistically significant, 
F(5, 62) = 21.49,/» < .001, and accounts for 60.5% of the variance in achievement in 
Physical Science (R = .796, R^ = .634, Adjusted R^ = .605). This means that this set of 
five CAI attitude subscales significantly predict the achievement in Physical Science 
for students in the TCCAI group. 
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Table 5.46 
Results of Standard Multiple Regression to predict Achievement in Physical Science 































































*p < .05 
R = .796; R^ = .634; Adjusted R" = .605; F{5, 62) = 21.49; p<m\ 
Table 5.46 also displays the individual contribution of each independent 
variable towards the variance in achievement in Physical Science for students in the 
TCCAI group. Three of the five CAI attitude subscales are significantly predictive of 
Physical Science achievement scores; these include content presentation, t (62) = 
3.19, p < .05; integration, t (62) = 535, p < .05; and perceived effectiveness, / (62) = 
2.31, p < .05. The predictive relation of content presentation, integration, and 
perceived effectiveness to achievement in Physical Science is positive, as indicated by 
the positive sign of beta coefficient. It means that higher scores on content 
presentation, integration and perceived effectiveness subscales will result higher 
scores on achievement in Physical Science. The values of beta coefficient, which 
represent the unique contribution of each independent variable to explaining the 
variance in dependent variable when the overlapping effects of all other independent 
variables are statistically removed, are: p = .268 for content presentation, P = .510 for 
integration and P = .266 for perceived effectiveness. Integration, having the largest 
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beta coefficient, makes the strongest unique contribution to explaining the variance in 
achievement in Physical Science, when the variance explained by all other variables 
in the model is controlled for. The proportions of variance imiquely explained by each 
of these independent variables, sr^ (squared semipartial correlation) are: sr^ ^ .060 for 
content presentation, sr^ = .169 for integration and sr^ = .032 for perceived 
effectiveness, which indicate that content presentation, integration, and perceived 
effectiveness contribute 6%, 16.9% and 3.2% respectively towards the variance in 
achievement in Physical Science, as shown in Figure 5.22. Thus, for TCCAI group 
and in the context of this set of five CAI attitude subscales as independent variables, 
integration is the strongest predictor of achievement in Physical Science. 
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Figure 5.22: Percentage Contribution of Significant CAI Attitude Subscales 
towards Variance in Achievement in Physical Science for the TCCAI group 
In order to study the combined and individual effect of CAI attitude subscales 
on achievement in Physical Science for students in the SCCAI group, CAI attitude 
subscales (namely, content presentation, assessment, individualization, integration, 
and perceived effectiveness) are used as independent variables or predictors in a 
standard multiple regression analysis to predict achievement in Physical Science, the 
dependent variable. Preliminary analyses are conducted to ensure no violation of the 
assumptions of normality, linearity, multicollinearity, and homoscedasticity. 
Results for the standard multiple regression are siunmarized in Table 5.47 
which shows the combined and individual effects of CAI attitude subscales on 
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achievement in Physical Science for students in the SCCAI group. The overall 
regression model, including all five independent variables, is statistically significant, 
F(5, 62) = 16.19, /? < .001, and accounts for 53.1% of the variance in achievement in 
Physical Science (R = .752, R^ = .566, Adjusted R^ = .531). This means that this set of 
five CAI attitude subscales significantly predict the achievement in Physical Science 
for students in the SCCAI group. 
Table 5.47 
Results of Standard Multiple Regression to predict Achievement in Physical Science 
































































*p < .05 
R = .752; I^ = .566; Adjusted R^ = .531; F(5, 62) = \6.l9;p< .001 
Table 5.47 also displays the individual contribution of each independent 
variable towards the variance in achievement in Physical Science for students in the 
SCCAI group. Three of the five CAI attitude subscales are significantly predictive of 
Physical Science achievement scores; these include content presentation, / (62) = 
2.74, p < .05; individualization, t (62) - 2.24, p < .05; and perceived effectiveness, t 
(62) = 3.89, jf? < .05. The predictive relation of content presentation, individualization, 
and perceived effectiveness factors to achievement in Physical Science is positive, as 
indicated by the positive sign of beta coefficient. It means that higher scores on 
content presentation, individualization, and perceived effectiveness subscales will 
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result in higher scores on achievement in Physical Science. The values of beta 
coefficient, which represent the unique contribution of each independent variable to 
explaining the variance in dependent variable when the overlapping effects of all 
other independent variables are statistically removed, are: P = .273 for content 
presentation, P = .216 for individualization and p = .419 for perceived effectiveness. 
Perceived effectiveness, having the largest beta coefficient, makes the strongest 
unique contribution to explaining the variance in achievement in Physical Science, 
when the variance explained by all other variables in the model is controlled for. The 
proportions of variance uniquely explained by each of these independent variables, sr 
(squared semipartial correlation) are: sr^ = .052 for content presentation, sr^ = .035 for 
individualization and sr^ = .106 for perceived effectiveness, which indicate that 
content presentation, individualization, and perceived effectiveness contribute 5.2%, 
3.5% and 10.6% respectively towards the variance in achievement in Physical 
Science, as depicted in Figure 5.24. Thus, for SCCAI group and in the context of this 
set of five CAI attitude subscales as independent variables, perceived effectiveness is 
the strongest predictor of achievement in Physical Science. 
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Figure 5.23: Percentage Contribution of Significant CAI Attitude Subscales 
towards Variance in Achievement in Physical Science for the SCCAI group 
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The results of multiple regression analysis show that all the five CAI attitude 
subscales taken together significantly predict the achievement in Physical Science for 
students in the TCCAI and SCCAI groups; and out of five CAI attitude subscales, 
three subscales, viz. content presentation, integration and perceived effectiveness, for 
the TCCAI group and two subscales, viz., content presentation, individualization, and 
perceived effectiveness, for the SCCAI group respectively significantly predict their 
achievement in Physical Science. Therefore, the null hypothesis Ho 12, stating that 
''CAI attitude subscales do not significantly predict the achievement in Physical 
Science for students in the TCCAI and SCCAI groups respectively", is partially 
rejected at .05 level. 
5.15 To study the combined and individual effect of CAI environment 
subscales on attitude towards Physical Science for students in the TCCAI 
and SCCAI groups respectively 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
He 13: CAI envirouKvent subscales do not significantly predict the attitude towards 
Physical Science for students in the TCCAI and SCCAI groups respectively. 
In order to test this hypothesis, multiple regression analysis is carried out 
separately for TCCAI and SCCAI groups. 
In order to study the combined and individual effect of CAI environment 
factors or subscales on attitude towards Physical Science for students in the TCCAI 
group, CAI environment subscales (namely, cognitive, emotional, and interaction) are 
used as independent variables or predictors in a standard multiple regression analysis 
to predict attitude towards Physical Science, the dependent variable. Preliminary 
analyses are conducted to ensure no violation of the assumptions of normality, 
linearity, multicoUinearity, and homoscedasticity. Descriptive statistics for the attitude 
scores on Computer Assisted Instruction Environment Scale (CAIES) are mentioned 
in Table 5.48. The average item means on CAI environment subscales for the TCCAI 
group are above 2, as graphically represented in Figure 5.24. This implies that this 
group has positive perceptions of the learning environment created by making use of 
multimedia CAI software in this study. 
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Table 5.48 
Descriptive Statistics of Scores on CAI Environment Subscales for the TCCAl 
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Figure 5.24: Average Item Mean Scores on CAI Environment Subscales for the 
TCCAI Group 
Results for the standard multiple regression are summarized in Table 5.49 
which shows the combined and individual effects of CAI environment subscales on 
attitude towards Physical Science for students in the TCCAI group. The overall 
regression model, including all three independent variables, is statistically significant, 
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F(3, 64) ^ 12.05, p < .05, and accounts for 33.1% of the variance in attitude towards 
Physical Science (R = .601, R^ = .361, Adjusted R'' = .331). This means that this set oi^ 
three CAI environment subscales significantly predict the attitude towards Physical 
Science for students in the TCCAI group. 
Table 5.49 
Results of Standard Multiple Regression to predict Attitude towards Physical 














































*p < .05 
Ji ' M\\R - .361; Adjusted l(' = .331; 7<^ (3, 64) - 12.05;;; < .001 
Table 5.49 also displays the individual contribution of each independent 
variable towards the variance in altitude towards Physical Science for students in the 
TCCAI group. Only one of the three CAI environment subscales is significantly 
predictive of Physical Science attitude scores, that is, cognitive factor, / (64) 4.67,/; 
< .05. "fhc predictive relation of cognitive subscale to attitude towards Physical 
Science is positive, as indicated by the positive sign of beta coefficient. It means that 
higher scores on cognitive factor will predict higher scores on attitude towards 
Physical Science. The value of beta coelTicient, which represents the unique 
contribution of each independent variable to explaining the variance in dependent 
variable when the oxerlapping effects of all other independent variables are 
statistically removed, is: P = .499 for cognitive subscale. Cognitive subscale, having 
the largest beta coefficient, makes the strongest unique contribution to explaining the 
variance in attitude towards Physical Science, when the variance explained by all 
other variables in the model is controlled for. The proportion of variance uniquely 
explained by cognitive factor is: sr = .218, which indicates that cognitive subscale 
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contributes 21.8% towards the variance in attitude towards Physical Science. Thus, 
for TCCAl group and in the context of this set of three CAl environment subscalcs as 
independent variables, cognitive subscale is the only significant predictor of attitude 
towards Physical Science. 
In order to study the combined and individual effect of CAl environment 
subscales on attitude towards Physical Science for students in the SCCAI group, CAl 
environment subscales (namely, cognitive, emotional, and interaction) arc used as 
independent variables or predictors in a standard multiple regression analysis to 
predict attitude towards Physical Science, the dependent variable. Preliminary 
analyses are conducted to ensure no violation of the assumptions of normality, 
linearity, multicoUinearity, and homoscedasticity. Descriptive statistics for the attitude 
scores on CAIES are mentioned in fable 5.50. A comparative account of average 
item means on CAl environment subscales for the SCCAI group is provided in Figure 
5.25, showing that the average item means on cognitive and emotional subscales are 
above 2. This implies that this group has positive perceptions of the cognitive and 
emotional aspects of CAl environment. But the average item mean on interaction 
subscale is below 2, implying that this group has somewhat neutral perceptions 
regarding the interaction aspect of CAl environment. 
Table 5.50 
Descriptive Statistics of Scores on CAl Environment Subscales for the SCCAI 
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Figure 5.25: Average Item Mean Scores on CAl Environment Subscales for the 
SCCAI Group 
Results for the standard multiple regression are summarized in Table 5.51 
which shows the combined and individual effects of CAI environment subscales on 
attitude towards Physical Science for students in the SCCAI group. The overall 
regression model, including all five independent variables, is statistically significant, 
F (3, 64) = 8.88, p < .05, and accounts for 26.1% of the variance in attitude towards 
Physical Science (R = .542, R^ = .294, Adjusted R^ = .261). This means that this set of 
three CAI environment subscales significantly predict the attitude towards Physical 
Science for students in the SCCAI group. 
Table 5.51 
Results of Standard Multiple Regression to predict Attitude towards Physical 












































*p < .05 
R = .542; E? = .294; Adjusted R^ = .261; F(3, 64) = 8.88;/? < .001 
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Table 5.51 also displays the individual contribution of each independent 
variable towards the variance in attitude towards Physical Science for students in the 
SCCAI group. Only one of the three CAI environment subscales is significantly 
predictive of Physical Science attitude scores, that is, emotional subscale, t (64) = 
5.03, p < .05. The predictive relation of emotional subscale to attitude towards 
Physical Science is positive, as indicated by the positive sign of beta coefficient. It 
means that higher scores on emotional subscale will predict higher scores on attitude 
towards Physical Science. The value of beta coefficient, which represents the unique 
contribution of each independent variable to explaining the variance in dependent 
variable when the overlapping effects of all other independent variables are 
statistically removed, is: P = .540 for emotional subscale. Emotional subscale, having 
the largest beta coefficient, makes the strongest unique contribution to explaining the 
variance in attitude towards Physical Science, when the variance explained by all 
other variables in the model is controlled for. The proportion of variance uniquely 
explained by emotional subscale is: sr'^ - .219, which indicates that emotional 
subscale contributes 27.9% towards the variance in attitude towards Physical Science. 
Thus, for SCCAI group and in the context of this set of three CAI environment 
subscales as independent variables, emotional subscale is the only significant 
predictor of attitude towards Physical Science. 
The results of muUiple regression analysis show that all the three CAI 
environment subscales taken together significantly predict the attitude towards 
Physical Science for students in the TCCAI and SCCAI groups; and out of three CAI 
environment subscales, one subscale, viz. cognitive, for the TCCAI group and one 
subscale, viz., emotional, for the SCCAI group respectively significantly predict their 
attitude towards Physical Science. Therefore, the null hypothesis Ho 13, stating that 
"C4/ environment subscales do not significantly predict the attitude towards Physical 
Science for students in the TCCAI and SCCAI groups respectively'", is partially 
rejected at .05 level. 
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5.16 To study the combined and individual effect of CAI environment 
subscales on achievement in Physical Science for students in the TCCAI 
and SCCAI groups respectively 
In order to suitably address the above mentioned objective, the following null 
hypothesis is formulated: 
Ho 14: CAI environment subscales do not significantly predict the achievement in 
Physical Science for students in the TCCAI and SCCAI groups respectively. 
In order to test this hypothesis, multiple regression analysis is carried out 
separately for TCCAI and SCCAI groups. 
In order to study the combined and individual effect of CAI environment 
subscales on achievement in Physical Science for students in the TCCAI group, CAI 
environment subscales (namely, cognitive, emotional, and interaction) are used as 
independent variables or predictors in a standard multiple regression analysis to 
predict achievement in Physical Science, the dependent variable. Preliminary analyses 
were conducted to ensure no violation of the assumptions of normality, linearity, 
multicoUinearity, and homoscedasticity. 
Results for the standard muhiple regression are summarized in Table 5.52 
which shows the combined and individual effects of CAI environment subscales on 
achievement in Physical Science for students in the TCCAI group. The overall 
regression model, including all three independent variables, is statistically significant, 
F (3, 64) = 22.19, p < .05, and accounts for 48.7% of the variance in achievement in 
Physical Science (R = .714, 7?^  = .510, Adjusted R^ = .487). This means that this set of 
three CAI environment subscales significantly predict the achievement in Physical 
Science for students in the TCCAI group. 
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Table 5.52 
Results of Standard Multiple Regression to predict Achievement in Physical Science 













































*p < .05 
Note. R= .714; R^  = .510; Adjusted f^ = .487; F(3,64) = 22.l9;p < .001 
Table 5.52 also displays the individual contribution of each independent 
variable tov '^ards the variance in achievement in Physical Science for students in the 
TCCAI group. Two of the three CAI environment subscales are significantly 
predictive of Physical Science achievement scores; these include cognitive subscale, t 
(64) = 6.80, p < .05 and interaction subscale, t (64) = 2.20, p < .05. The predictive 
relation of cognitive and interaction subscales to achievement in Physical Science is 
positive, as indicated by the positive sign of beta coefficient. It means that higher 
scores on cognitive factor or interaction factor will predict higher scores on 
achievement in Physical Science. The values of beta coefficient, which represent the 
unique contribution of each independent variable to explaining the variance in 
dependent variable when the overlapping effects of all other independent variables are 
statistically removed, are: P = .636 for cognitive subscale and P = .202 for interaction 
subscale. Cognitive subscale, having the largest beta coefficient, makes the strongest 
unique contribution to explaining the variance in achievement in Physical Science, 
when the variance explained by all other variables in the model is controlled for. The 
proportions of variance uniquely explained by each of these independent variables, sr^ 
(squared semipartial correlation) are: sr^ - .354 for cognitive subscale and sr^ = .037 
for interaction subscale, which indicate that cognitive and interaction subscales 
contribute 35.4% and 3.7% respectively towards the variance in achievement in 
Physical Science, as shown in Figure 5.26. Thus, for TCCAI group and in the context 
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of this set of three CAI environment subscales as independent variables, cognitive 
subscale is the strongest predictor of achievement in Physical Science. 
Cognitive 
Inteiaction 
Figure 5.26: Percentage Contribution of Significant CAI Environment Subscales 
towards Variance in Achievement in Physical Science for the SCCAI group 
In order to study the combined and individual effect of CAI environment 
subscales on achievement in Physical Science for students in the SCCAI group, CAI 
environment subscales (namely, cognitive, emotional, and interaction) are used as 
independent variables or predictors in a standard multiple regression analysis to 
predict achievement in Physical Science, the dependent variable. Preliminary analyses 
were conducted to ensure no violation of the assumptions of normality, linearity, 
multicoUinearity, and homoscedasticity. 
Results for the standard multiple regression are summarized in Table 5.53 
which shows the combined and individual effects of CAI environment subscales on 
achievement in Physical Science for students in the SCCAI group. The overall 
regression model, including all three independent variables, is statistically significant, 
F (3, 64) = 10.99, p < .05, and accounts for 30.9% of the variance in attitude towards 
Physical Science (R = .583, R^ = .340, Adjusted R^ = .309). This means that this set of 
three CAI environment subscales significantly predict the achievement in Physical 
Science for students in the SCCAI group. 
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Table 5.53 
Results of Standard Multiple Regression to predict Achievement in Physical Science 













































*p < .05 
Note. R = .583; R^ = .340; Adjusted R^ = .309; F (3, 64) = 10.99;/? < .001 
Table 5.53 also displays the individual contribution of each independent 
variable towards the variance in achievement in Physical Science for students in the 
SCCAI group. Two of the three CAI environment subscales are significantly 
predictive of Physical Science achievement scores; these include cognitive subscale, t 
(64) = 3.62, p < .05 and emotional subscale, t (64) = 3.59, p < .05. The predictive 
relation of cognitive and emotional subscales to achievement in Physical Science is 
positive, as indicated by the positive sign of beta coefficient, ft means that higher 
scores on cognitive or emotional subscale will predict higher scores on achievement 
in Physical Science. The values of beta coefficient, which represent the unique 
contribution of each independent variable to explaining the variance in dependent 
variable when the overlapping effects of all other independent variables are 
statistically removed, are: P = .375 for cognitive subscale and p = .373 for emotional 
subscale. Cognitive subscale, having the largest beta coefficient, makes the strongest 
unique contribution to explaining the variance in achievement in Physical Science, 
when the variance explained by all other variables in the model is controlled for. The 
proportions of variance uniquely explained by each of these independent variables, sr^ 
(squared semipartial correlation) are: sr^ = .135 for cognitive subscale and 5/^ = .133 
for emotional subscale, which indicate that cognitive and emotional subscales 
contribute 13.5% and 13.3% respectively towards the variance achievement in 
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Physical Science, as graphically represented in Figure 5.27. Thus, for SCCAI group 
and in the context of this set of three CAI environment subscales as independent 




Figure 5.27: Percentage Contribution of Significant CAI Environment Subscales 
towards Variance in Achievement in Physical Science for the SCCAI group 
The results of multiple regression analysis show that all the three CAI 
environment subscales taken together significantly predict the achievement in 
Physical Science for students in the TCCAl and SCCAI groups; and out of three CAI 
environment subscales, two subscales, viz. cognitive and interaction, for the TCCAI 
group and two subscales, viz., cognitive and emotional, for the SCCAI group 
respectively significantly predict their attitude towards Physical Science. Therefore, 
the null hypothesis Ho 14, stating that "CAI environment subscales do not 
significantly predict the achievement in Physical Science for students in the TCCAI 
and SCCAI groups respectively, is partially rejected at .05 level. 
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5.17 Discussion 
5.17.1 Effects of Traditional Teaching and Computer Assisted Instruction 
(TCCAI and SCCAI) on Students' Attitude towards Physical Science 
One of the objectives of the present study was to compare the attitude towards 
Physical Science at pre-test and post-test stages respectively for students in the 
control, TCCAI, and SCCAI groups. The results of the paired-samples Mests 
computed for each group showed that the post-test scores on Physical Science 
Attitude Scale (PSAS) were significantly higher than the pre-test scores for all groups, 
indicating that all three groups' attitudes were positively influenced by their 
respective instructional method. The primary purpose of this study was to investigate 
the effects of traditional teaching and computer assisted instruction (Teacher-centered 
CAI and Student-centered CAI) on attitude towards Physical Science at post-test 
stage. ANCOVA results indicated that computer assisted instruction had better impact 
on students' attitude towards Physical Science than traditional teaching. Moreover, 
TCCAI experimental group had shown greater improvement in attitude towards 
Physical Science than SCCAI experimental group. 
Previous studies concerning the effects of CAI on attitude towards Science 
and its various branches have reported mixed results. While some have reported that 
computer assisted instruction had positive impacts on attitude towards Science 
(Ak9ay, Durmaz, Tiiysiiz, & Feyzioglu, 2006; Ak9ay, Tuysiiz, & Feyzioglu, 2003; 
Chang, 2002, 2003, 2004; Geban, Askar, 8c Ozkan, 1992; Ozmen, 2008; Phoolwala, 
1997; Yalcinalp, Geban, & Ozkan, 1995; Zacharia, 2003); while others have 
suggested that instruction did not result in a significant improvement of the students' 
attitude towards Science (Cavin, Cavin, & Lagowski, 1981; Chang, 2001; Gonen, 
Kocakaya, & inan, 2006). The present study found a statistically significant difference 
between TCCAI group and control group; SCCAI group and control group; cind 
TCCAI group and SCCAI group, as far as their attitudes toward Physical Science 
were concerned. These findings are in accordance with the former studies that have 
reported positive effects, confirming that computer assisted instruction is an effective 
tool for teaching and learning Physical Science. 
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5.17.1.1 Comparison of Students' Attitude towards Physical Science at Pre-
test and Post-test Stages 
When the pre-test and post-test scores on PSAS of students in the control, 
TCCAI, and SCCAI groups were examined, it was seen that the attitude scores of 
students in the three groups increased from pre-test to post-test. The paired-samples t-
tests results indicated that the increase in mean score was 20.35, 28.88, and 25.31 for 
students in the control, TCCAI, and SCCAI groups respectively. Although the 
students' attitude scores in three groups increased from pre-test to post-test, the 
increase in the TCCAI group students' scores was higher than that in the control and 
SCCAI groups' students. Thus, the mean scores of these three groups at pre-test and 
post-test stages showed differences among them in favour of TCCAI group. It is 
worthwhile to note here that in the case of the TCCAI and SCCAI groups, students 
had the opportunity to work with computers, something not common in Indian 
schools, meaning this was a new and interesting experience for them. They gained 
experience in an enriched learning environment -seeing, doing, interpreting, and even 
interacting with computers individually as in SCCAI and it seems they could now see 
that Physical Science may not be as difficult as they thought. Improvement in 
attitudes in case of TCCAI and SCCAI groups may have been, of course in some part, 
due to simply that they enjoyed these types of instructional methods involving the use 
of CAI. The increase in attitudes for control group may have been due to their comfort 
level with teacher-centered traditional method of teaching, in which the participating 
teachers made every effort to present each concept systematically and in proper 
logical sequence before the students by making use of appropriate teaching aids. Due 
to this, the interest of control group students might have been increased in Physical 
Science, which in turn led to corresponding increase in their attitudes. 
5.17.1.2 Comparison of Students' Attitude towards Physical Science at 
Post-test Stage 
ANOVA results on mean PSA scores at pre-test stage indicated that there was 
no statistically significant difference among the groups, suggesting that the groups 
were similar with respect to their attitude towards Physical Science before the 
intervention. ANCOVA was used to compare the mean post-test PSA scores of three 
groups, by using pre-test scores as the covariate to control for the smaller differences 
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among the groups. The resuhs of ANCOVA showed significant main effect of 
instructional method on students' attitude. The resuhs of pairwise comparisons 
showed that the post-test PSA scores for TCCAI and SCCAI groups were 
significantly higher than that of the control group. This result is similar to that 
reported in the literature, which suggest that CAI-based teaching improves students" 
attitude towards Physical Science (Geban et al., 1992; Harwood & McMahon, 1997; 
Hounshell& Hill, 1989). 
Attitude toward the subject matter was significantly improved in both the CAl 
groups. The duration of the course may have been appropriate to produce such an 
attitude improvement. Also the CAI material not only fit precisely into the content 
structure of the course but also was included with the regular science classroom 
activities. Possibly a set of CAI programs integrated with the subject matter may ha\e 
encouraged an improvement in students' attitude towards Physical Science. 
TCCAI group had significantly better attitudes toward Physical Science than 
did the SCCAI group. It may be because the classroom teacher played a more 
important role in the TCCAI group by integrating human interactions and discussions 
sensibly within the classroom culture, which could not possibly be fully achieved 
through individual student's self-paced learning with his or her own computer. The 
emergence of the role of the teacher as an important factor in computer-aided 
instruction is perhaps an unsurprising finding. Fraser and Tobin (1989) synthesized 
some exemplary practice studies and reported that the biggest differences between 
classes of exemplary and non-exemplary teachers were closely related to classroom 
variables such as involvement, teacher support, order and organization. Therefore, the 
interactive and well-organized teaching strategies embedded in the TCCAI might 
have some possible positive impacts on learners in the light of the current study. The 
results might be better explicated fi-om both practical and pedagogical views. Maybe 
it is because the blend of the software with the whole class teaching format by TCCAI 
approach provided students with systematic instructional content, organized 
presentation sequence, as well as human touches, all of which might have led to better 
and improved attitudes toward Physical Science among the students of TCCAI group. 
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The SCCAI approach also enhanced students' attitudes toward Physical 
Science as a school subject. The computer program allowed the students to process 
information actively. Learning is an active process, and learners necessarily process 
information actively to comprehend it (Ausubel, 1960). The nature of the computer 
experience in this study, which was interactive and designed to be non-threatening, 
may have had a positive effect on students' attitudes toward Physical Science. The 
quality of the interaction built into a courseware is the important determinant of the 
quality of the instructional program produced (Weller, 1988). The self-paced learning 
scheme in front of individual computers provided by SCCAI approach might have 
met students' needs in terms of providing them with the opportunities to individually 
learn at their own pace and work on the problems on their own instead of depending 
solely upon the teacher's explanations. In that case, students assumed the role of 
"knowledge pursuer," resulting in positive attitudes toward Physical Science among 
the students of SCCAI group. 
However, the positive attitudes of SCCAI group were comparatively low as 
compared to those of TCCAI group. This result perhaps is not very surprising, since 
Indian students are generally quiet and passive learners and not inclined to enjoy self-
learning very much. Besides, the teacher-centered method has prevailed in the science 
classrooms for so long and students in India are quite familiar with the traditional 
method of classroom instruction. The results might also shed some light on previous 
studies in this series which found that CAI emphasizing the teacher's role can result in 
increased student science achievement and attitudes (Chang, 2003, 2004). Some of the 
students in SCCAI group seemed to be more motivated by the teacher-centered 
approach. Therefore, they might have difficulty to sift through a large amount of 
information on various concepts of Physical Science on their own in SCCAI approach 
and get lost and frustrated under such conditions. Therefore, the potential benefits of 
the student-centered approach would be attenuated for this group of students that 
struggled to endure within the free-navigated and self-paced learning enviroimient. 
The control group had the lowest attitudes toward Physical Science as 
compared to both the experimental groups. This could have been due to the reason 
that by the time students enter secondary school level, they have generally formed 
stable attributions regarding their ability to succeed in Science. The students believe 
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that success or failure in Science is attributable to a natural ability rather than effort. 
Their self-perceptions of ability in Science are tied to motivation, attitude towards and 
achievement in general academic settings. When students believe that their lack of 
ability in Science is fixed, their attitude towards and achievement in Science are often 
negatively affected. Consequently, students who have generally not experienced much 
success in Science may be inclined to change their attitude towards Science, onh if 
the instructional method makes the learning of Science as a dynamic, interesting, and 
interactive experience for them. But traditional teaching alone cannot do so. Thus. 
traditional teaching seemed to do little in increasing the control group students' 
attitude towards Physical Science. Whatever increase observed in their attitudes may 
have been due to their interaction with their fellows who were assigned to C Al 
experimental groups and out of their curiosity to learn Science using CAI software. 
5.17.1.3 Comparison of Male and Female Students' Attitude towards 
Physical Science at Post-test Stage 
Results indicated that indicated that there was no significant difference 
between the male and female students of each group as far as their attitudes toward 
Physical Science at post-test stage is concerned. This result is in accordance with 
Yalcinalp, Geban, and Ozkan (1995) and Ak9ay et al. (2003) who found no 
significant difference between females and males from either experimental or control 
group in terms of their attitude towards Physical Science. 
This result may have arisen from the fact that the instructors of all the groups 
had devoted equal attention to studehts irrespective of their gender. In case of SCCAl 
group, both the male and female students were given equal opportunities to perform 
the activities of CAI. Moreover, male and female students seemed to have equal 
computer-related experience. For TCCAI and SCCAI groups, the design of the CAI 
software appealed equally to both male and female students. It seemed to be designed 
not only with gender equality in mind but also with the intent of an educational and 
instructional delivery system. The absence of gender differences in attitude at the 
secondary school level in this study offers support for Clarke and Chamber's (1989) 
viewpoint that the basis for gender differences in computer ability is in fact a 
perceived difference rather than a real ability difference. 
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5.17.2 Effects of Traditional Teaching and Computer Assisted Instruction 
(TCCAI and SCCAI) on Students' Achievement in Physical Science 
One of the objectives of the present study was to compare the achievement in Physical 
Science at pre-test and post-test stages respectively for students in the control, 
TCCAI, and SCCAI groups. The results of the paired-samples /-tests computed for 
each group showed that the post-test scores on Physical Science Achievement Test 
(PSAT) were significantly higher than the pre-test scores for all groups, indicating 
that all three groups' achievement was positively influenced by their respective 
instructional method. The primary purpose of this study was to investigate the effects 
of traditional teaching and computer assisted instruction (Teacher-centered CAI and 
Student-centered CAI) on achievement in Physical Science at post-test stage. 
ANCOVA results indicated that computer assisted instruction had better learning 
impact on students' achievement in Physical Science than traditional teaching. 
Moreover, TCCAI group had shown greater improvement in Physical Science 
achievement than SCCAI group. 
Consistent with the results of many studies on the positive effects of computer 
assisted instruction on achievement in Science (Ak9ay et al., 2003, 2006; Ardac & 
Akaygun, 2004; Geban, Askar, & Ozkan, 1992; Chang, 2001a, 2001b; Dalgamo et al., 
2009; Geban, Yalcinalp, Geban, & Ozkan, 1995; Morgil et al., 2003; 2005; Ozmen, 
2008; Serin, 2011; Stem, Bamea & Shauli, 2008; Tabassum, 2004; Bell & Trundle, 
2008; Wirm, Stahr, Sarason, Fruland, Oppenheimer, & Lee, 2005; Zacharia, 2007; 
Zacharia, Olympiou, & Papaevripidou, 2008), this study confirms that computer 
assisted instruction is a useful tool for learning. However, less conclusive findings on 
the effects of CAI on achievement were also reported by a few researchers who used a 
quasi-experimental pre-post test design (Chang, 2002; Pol, Harskamp, & Suhre, 2005; 
Trundle & Bell, 2010). A number of researchers found CAI as effective as traditional 
teaching (Bayrak, 2007; Choi & Gennaro, 1987). 
5.17.2.1 Comparison of Students' Achievement in Physical Science at Pre-
test and Post-test Stages 
When the pre-test and post-test scores of students in the control, TCCAI, and 
SCCAI groups were examined, it was seen that the performance of students in the 
three groups increased from pre-test to post-test. The paired-samples /-tests results 
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indicated that the increase in mean score was 22.00, 31.70, and 27.05 for students in 
the control, TCCAI, and SCCAI groups respectively. Although the students' 
achievement scores in three groups increased from pre-test to post-test, the increase in 
the TCCAI group students' scores was higher than that in the control and SCCAI 
groups' students. Thus, the mean scores of these three groups at pre-test and post-test 
stages showed differences among them in favour of TCCAI group. These findings are 
similar to those reported by a number of researchers (Dange & Wahb, 2006; Ozmen, 
2008, 2011; Ozmen, Demircioglu, & Demircioglu, 2009; Phoolwala, 1997; Siddiqui 
& Khatoon, 2013; Sindhi, 1996; Vasanthi & Hema, 2003; Wu, Krajcik, & Soloway, 
2001). 
These results are not surprising for us because, although the pedagogical 
techniques used with the TCCAI group were different from those used with the 
SCCAI and control groups, three groups received instruction on the concepts of 
Physical Science during the intervention period. Therefore, improvement in the 
understanding for the students of these groups is a normal development. However, the 
results clearly show that the students of TCCAI and SCCAI groups exhibited better 
performance than the control group and this is an indication of the benefits of CAI 
over traditional teaching. 
5.17.2.2 Comparison of Students' Achievement in Physical Science at Post-
test Stage 
ANOVA results on mean pre-test scores indicated that there was no statistically 
significant difference among the groups. This reflects the similar backgrounds of 
students belonging to three groups with respect to their achievement in Physical 
Science before the intervention. ANCOVA was used to compare the mean post-test 
scores of three groups, by using pre-test scores as the covariate to control for the 
smaller differences among the groups. The results of ANCOVA showed significant 
main effect of instructional method on students' achievement. It is important to 
consider that the post-test scores for TCCAI and SCCAI groups were significantly 
higher than that of the control group, as shown by the results of pairwise comparisons. 
This may be interpreted as an indication of the effectiveness of TCCAI and SCCAI 
methods on students' knowledge and understanding. The reason for this is probably 
due to the detailed explanations found in CAI software and dynamic and interactive 
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character of CAI. Literature includes numerous studies indicating the positive effects 
of CAI on students' understanding of Physical Science concepts (Baser, 2006; Chang, 
2002, 2003, 2004; Chang, Quintana, & Krajcik, 2010; Ebenezer, 2001; Kelly & Jones, 
2007; Kelly et al., 2004; Ozmen, 2007; Ozmen, Demircioglu & Demircioglu, 2009; 
Siddiqui 8c Khatoon, 2013; Yezierski & Birk, 2006). The results of this study are in 
agreement with the literature. 
According to Hamtini (2000), the conclusions concerning the efficacy of CAI 
should not be drawn solely on the basis of comparisons made of achievement 
outcomes among the groups without giving consideration to program implementation. 
While many of the intervening factors affecting the implementation of this study were 
unavoidable, their possible impact on the research findings should be considered. 
Research conducted by Clark (1985) concluded that there are other confounding 
variables, which exist relative to the implementation of the instruction, that have the 
potential to affect the achievement outcomes. In his examination of studies included 
under earlier meta-analyses, he found that effect sizes were smaller when the same 
teacher provided instruction in all the groups (which was not done in this study), and 
when the study measured the effect of instructional methods only, as was done in this 
study. He also found that effects were larger in short-term studies, suggesting that 
novelty effects seem to increase achievement using new technology in the short term, 
but tends to wear off over time. This experimental study was conducted over a period 
eight weeks which is considered as a long-term and thus, the achievement of students 
belonging to TCCAI and SCCAI groups may not have been affected by novelty 
effects due to CAI. 
Software programs, such as the one studied in this research study, are a 
relatively new resource for providing CAI in Science and little research has been 
conducted on their effectiveness in Indian schools. Like, other software-based 
programs, the conditions under which the program is used and instructional features 
of the program itself are crucial factors that will ultimately impact student success. 
There are several aspects of the CAI software used in this study that may have 
affected the achievement outcome for the TCCAI and SCCAI groups. This software is 
designed to be individualized, self-directed and self-paced. Due to individual 
differences, students require different times to master the concepts but at the 
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institution where this study was conducted, there was no procedural mechanism tor 
allowing a student to use CAI more than eight weeks duration (and 40 minutes per 
period each day) to learn the concepts well. This time constraint on the self-paced 
feature of the CAI software was an unavoidable limitation and perhaps also, ma\' be 
the reason for lower achievement of SCCAI group as compared to TCCAI group. 
However, the instructors for control and TCCAI groups generally spent some 
class time in clarifying students' doubts. Therefore, some structured reinforcement of 
the concepts previously taught was provided to all students in the class. This type of 
structure was not applicable in the SCCAI learning environment, given the 
individualized nature of instruction, as it was not possible for the instructor to address 
the specific concepts that each student may have needed reinforced during each class 
meeting. A combination of the lack of a structured learning environment, of which the 
SCCAI students had been accustomed, and the inability to actually learn the material 
at their own pace, without time constraints, may have had an adverse effect on the 
amount of achievement ultimately obtained by the SCCAI group. Nonetheless, the 
disparity between the achievement of TCCAI and SCCAI groups is relatively 
substantial and suggests that self-pacing aspect of the CAI software may have had 
adverse effects on the achievement results for some students of the SCCAI group. 
Although, this very feature of CAI software can be an advantage for students of 
different abilities and with different learning styles, it may require more time for 
adjustment when the students' past learning experiences have been more structured 
and teacher-directed. 
Although the SCCAI group was trained in using CAI software prior to the 
intervention period, the participating teachers reported that this may not have 
provided adequate preparation for the students to feel comfortable with the software, 
and a few of them encountered problems at the very beginning of intervention period. 
The observations of the students SCCAI group during the intervention period 
indicated that a few of them were not making adequate progress pacing themselves 
through a few topics. These students were not able to practice certain topics that 
would have been necessary for successftil completion of the CAI software. While the 
instructor for the SCCAI group lectured on each of the course topics for 
approximately 50% of the time throughout the intervention period, the remaining time 
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for instruction and reinforcement was computer facilitated. The teacher's role in this 
type of computerized learning environment was one of guide and facilitator; that is, 
the teacher could guide students to focus on learning concepts while creating a non-
threatening environment in which students felt comfortable about asking questions 
and clarifying their doubts. 
TCCAI group showed the greatest improvement in achievement, and this 
could be attributable to the CAI software which took cognizance of the curriculum 
objectives of the schools, the pre-requisites of following the exact curriculum topics, 
and the integration with the syllabus requirements of the school. This result could also 
be associated with the good relationships between the students and the teacher, and 
the discussions and social interactions in this teacher-centered class. 
5.17.2.3 Comparison of Male and Female Students' Achievement in 
Physical Science at Post-test Stage 
Results indicated that indicated that there was no significant difference 
between the male and female students of each group as far as their achievement in 
Physical Science at post-test stage is concerned. This finding is in agreement with the 
results of other researchers (Ak9ay et al., 2003; Baser, 2006; Jeyamani, 1991; 
Limniou et. al, 2007; Patel, 2008; Stem, Bamea, «& Shauli, 2008; Tabassum, 2004; 
Yalcinalp, Geban, & Ozkan, 1995). These results also concurred well with those of 
Chen (1985) who found that both females and males, with almost equal amounts of 
computer experience, responded similarly to computer exposure. The results of this 
study are, however, contradictory to the findings of Houtz and Gupta (2001), 
Shashaani and Khalili (2001), and Broos (2005) which found that females and males 
differed significantly in many ways in terms of IT related matters. 
This result may have arisen from the fact that the instructors of all the groups 
had devoted equal attention to students irrespective of their gender. The reason for 
lack of significant difference between boys and girls of TCCAI and SCCAI groups 
might be attributed to the similar levels of computer experience that they shared and 
thus, male students in SCCAI group would have become as proficient with CAI 
software as female students. However, it should be noted that the ratio of females to 
males who participated in this study was unequal. The fact that there were many more 
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males than females em-oUed in class X was unavoidable. This is because there were 
more male than female students in the ratio of 60:40. It would have been more 
appropriate if this study was to be based on a more balanced ratio of females to males. 
5.17.3 Effects of Traditional Teaching and Computer Assisted Instruction 
(TCCAI and SCCAI) on Students' Achievement in Physical Science at 
different levels of the Cognitive Domain 
TCCAI approach significantly enhanced the students' achievement at lower 
and higher levels of the cognitive domain as compared to traditional teaching and 
SCCAI method. These findings of the present study are in agreement with eailier 
studies (Ardac & Sezen, 2002; Chang, 2002, 2003; Kadhiravan; 1999; Klahr, Triona, 
& Williams, 2007; Mahmood, 2004). The TCCAI approach provided students with 
systematic instructional content and an organized teaching sequence. This might have 
facilitated students' understanding of concepts and helped them grasp scientific 
concepts and facts more easily. TCCAI approach also helps to clarify which learning 
materials and information are most important. On the other hand, the SC(3AI 
approach has probably left students on their own to handle large amounts of 
information in a self-paced learning fashion. This might have hindered students' 
abilities to learn the concepts thoroughly. Moreover, greater consideration needs to be 
given to those factors that might strongly affect students' learning. The age of 
students might be critical when it comes to learning independently. Since the 
participating students were around 16 years of age when this study was conducted, 
they might not possess the learning skills that are needed to work independently using 
individual computers. Besides this, when the students use computers for the first time 
for learning purposes, they often get overwhelmed by the vast amount of materials 
and information that can be presented by the multimedia software. 
5.17.4 Effects of Traditional Teaching and Computer Assisted Instruction 
(TCCAI and SCCAI) on Students' Achievement in different content areas 
(Physics and Chemistry) of Physical Science 
This is similar to findings reported in the literature which points to positive 
effects of CAI for student achievement in chemistry (Bamea & Dori, 1999; Cracolice 
& Abraham; 1996; Ertepinar, 1995; Gonen, Kocakaya, 8c Inan, 2006; Levine & 
Donitsa-Schmidt, 1996; Limniou, Papadopoulos, Giannakoudakis, Roberts, & Otto. 
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2007; Liu, 2006; Mahmood, 2004; Morgil et al., 2005; Phoolwala, 1997; Vasanthi & 
Hema, 2003; Williamson & Abraham, 1995; Yalcinalp, Geban, & Ozkan, 1995). 
These positive findings of this study are also consistent with those reported in the 
literature in the field of Physics (Baltzis & Koukias, 2009; Dalwadi, 2001; Dange & 
Wahb; 2006; Jeyamani, 1991; Jimoyiannis & Komis; 2001; Kara, 2008; Khirwadkar, 
1998; Parmar, 2013; Patel, 2008; Sindhi, 1996; Zacharia, 2007). In these studies, the 
effectiveness of the computer-assisted instruction was approved by the researchers. 
Especially, CAI materials used in these studies were more usefixl than the traditional 
approaches in teaching complex Chemistry and Physics concepts. The results of the 
studies in the related literature are harmonious with the current study in this manner. 
Through animations and simulation mode of CAI, students had the chance to 
conduct real-like experiments and see physical facts, which can only be investigated 
in laboratory settings. Several abstract concepts and conceptual relations covered in 
Physical Science were provided in a concrete way with the help of computer 
simulations and animations, which improved the student achievement significantly. 
5.17.5 Combined and Individual Effect of CAI Attitude Subscaies on Attitude 
towards Physical Science 
One of the objectives of this study was to study the combined and individual 
effect of CAI attitude subscaies on attitude towards Physical Science for students in 
the TCCAI and SCCAI groups. The results obtained by standard regression analysis 
indicated that CAI attitude subscaies significantly predicted their attitude towards 
Physical Science. Moreover, out of the five CAI attitude subscaies, only two 
subscaies (namely, integration and perceived effectiveness) were found significantly 
predictive of Physical Science attitude scores for the TCCAI group, and only two 
subscaies (namely, individualization and perceived effectiveness) were found 
significantly predictive of Physical Science attitude scores for the SCCAI group. The 
findings of this study are in accordance with previous studies concerning the positive 
effects of CAI attitude subscaies on attitude towards Science (Abouserie, Moss, & 
Barasi, 1992; Ak9ay, Durmaz, TQysuz, & Feyzioglu, 2006; Ak^ay, Tuysuz, & 
Feyzioglu, 2003; A§kar, Yavuz, & Koksal, 1992; Baltzis & Koukias, 2009; Dalwadi, 
2001; Hartley & Treagust, 2006; Khirwadkar, 1998; Limniou, Papadopoulos, 
Giannakoudakis, Roberts, & Otto, 2007; Parmar, 2013; Patel, 2008; Wu & Huang, 
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2007; Yalcinalp, Geban, & Ozkan, 1995 ), confirming that CAI is an effective tool lor 
learning science. 
5.17.5.1 Combined and Individual Effect of CAI Attitude Subscales on 
Attitude towards Physical Science for the TCCAI Group 
The results obtained by standard regression analysis indicated that CAI 
attitude subscales significantly predicted the attitude towards Physical Science f(ir 
students in the TCCAI group. This result was well-supported by the mean scores and 
average item means of all the subscales of CAI attitude scale. The average item means 
of all the subscales were above 3 [between sometimes (2) and often (3)] that indicated 
an overall positive perception of the multimedia CAI software by the students of 
TCCAI group. When comparing the mean scores and average item means of the five 
subscales of CAI attitude scale for students in the TCCAI group, the content 
presentation subscale had the highest item mean which indicated the students' 
positive perceptions of the presentation of subject contents by their teacher by making 
use of the important components of both traditional teaching and CAI software (which 
consists of a variety of multimedia elements). The individualization subscale had the 
second highest item mean, which was representative of the degree to which students 
perceived that TCCAI allowed them to learn at their own pace. In other words, it was 
indicative of the pace at which they would like to learn. It was also indicative ol' the 
extent to which the teacher, while teaching students through TCCAI, gave due 
importance to students' mental levels and presented the learning materials before 
them at an appropriate pace so that they would be able to understand and master them 
within the allotted period of time. The integration subscale had the third highest item 
mean, which pointed to a positive integration of CAI software within the daily 
teaching and learning activities of teachers and students. The perceived effectiveness 
subscale had the fourth highest item mean, which indicated students' positixe 
perception of the effectiveness subscale and represented the extent to which students 
found the multimedia CAI software effective for learning science concepts. The 
assessment subscale had the lowest item mean but which still pointed to a positive 
perception by students. It was indicative of a positive perception by students that their 
learning was monitored by the teacher through the use of CAI software in a variety of 
ways. 
207 
Moreover, out of the five CAI attitude subscales, only two subscales, 
integration and perceived effectiveness, were found significantly predictive of 
Physical Science attitude scores for the TCCAI group. Out of these two significant 
subscales, the integration subscale had the highest item mean, which indicated that the 
students were satisfied with the way the CAI software was integrated into their daily 
science learning process by their teacher. The perceived effectiveness subscale, 
having the second highest item mean, represented the extent to which the students of 
TCCAI group considered CAI software as an effective tool for learning Physical 
Science. Thus, it can be said that the positive perceptions of perceived effectiveness 
and integration subscales, in turn, might have led to increase in their attitude towards 
Physical Science. 
5.17.5.2 Combined and Individual Effect of CAI Attitude Subscales on 
Attitude towards Physical Science for the SCCAI Group 
The results obtained by standard regression analysis indicated that CAI 
attitude subscales significantly predicted the attitude towards Physical Science for 
students in the SCCAI group. This result was well-supported by the mean scores and 
average item means of all the subscales of CAI attitude scale. The average item means 
of all the subscales were above 3 [between sometimes (2) and often (3)] that indicated 
an overall positive perception of the multimedia CAI software by the students of 
SCCAI group. When comparing the mean scores and average item means of the five 
subscales of CAI attitude scale for students in the SCCAI group, the individualization 
subscale had the highest item mean, which was representative of the degree to which 
students perceived that they were allowed to use CAI software on their own and learn 
at their own pace. It was also indicative of the extent to which they had freedom to 
learn, understand and master concepts at their own pace. The content presentation 
subscale had the second highest item mean, which indicated students' positive 
perception of the way in which the contents are presented and enhanced using a 
variety of multimedia elements in the CAI software. The perceived effectiveness 
subscale had the third highest item mean, which indicated students' positive 
perception of the effectiveness subscale and represented the extent to which students 
found the multimedia CAI software effective for learning science concepts on their 
own, with minimal directions, guidance and help from the teacher's side. The 
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integration subscale had the fourth highest item mean, which pointed to a positive 
integration of CAI software within the daily teaching and learning activities of 
teachers and students. The assessment subscale had the lowest item mean but which 
still pointed to a positive perception by students. It was indicative of a positive 
perception by students that they were able to monitor their learning through the use (if 
CAI software in a variety of ways. 
Moreover, out of the five CAI attitude subscales, only two subscale s, 
individualization and perceived effectiveness, were found significantly predictive of 
Physical Science attitude scores for the SCCAI group. Out of these two significant 
subscales, the individualization subscale had the highest item mean, which indicated 
that the students found CAI software useftil for individualized or self-paced leammg. 
The perceived effectiveness subscale had the second highest item mean, which 
indicated that the students of SCCAI group also considered CAI software as an 
effective tool for learning Physical Science. Thus, it can be said that the positive 
perceptions of individualization and perceived effectiveness subscales, in turn, might 
have led to increase in their attitude towards Physical Science. 
5.17.6 Combined and Individual Effect of CAI Attitude Subscales on 
Achievement in Physical Science 
One of the objectives of this study was to study the combined and individual 
effect of CAI attitude subscales on achievement in Physical Science for students in 
the TCCAI and SCCAI groups. The results obtained by standard regression analysis 
indicated that CAI attitude subscales significantly predicted their achievement m 
Physical Science. Moreover, out of the five CAI attitude subscales, only three 
subscales (namely, content presentation, integration and perceived effectiveness) were 
found significantly predictive of Physical Science achievement scores for the TCC'AI 
group, and only three subscales (namely, content presentation, individualization and 
perceived effectiveness) were also found significantly predictive of Physical Science 
achievement scores for the SCCAI group. The findings of this study are in accordance 
with previous studies concerning the positive effects of CAI on achievement in 
Science (Abouserie, Moss, & Barasi, 1992; Eichinger, Nakhleh, & Auberry, 2000, 
Geban, Askar, & Ozkan, 1992; Limniou, Papadopoulos, Giannakoudakis, Roberts, & 
Otto, 2007; Maor & Taylor, 1995; Prey, 1996; Yalcinalp, Geban, & Ozkan, 1995. 
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Zacharia, 2003, 2005; Zacharia, Olympiou, & Papaevripidou, 2008), confirming that 
CAI is an effective tool for learning science. 
5.17.6.1 Combined and Individual Effect of CAI Attitude Factors on 
Achievement in Physical Science for the TCCAI Group 
The results obtained by standard regression analysis indicated that CAI 
attitude factors significantly predicted the achievement in Physical Science for 
students in the TCCAI group. This result was well-supported by the mean scores and 
average item means of all the subscales of CAI attitude scale. The average item means 
of all the subscales were above 3 [between sometimes (2) and often (3)] that indicated 
an overall positive perception of the multimedia CAI software by the students of 
TCCAI group. 
Moreover, out of the five CAI attitude factors, only three factors, content 
presentation, integration and perceived effectiveness, were found significantly 
predictive of Physical Science achievement scores for the TCCAI group. Out of these 
three significant factors, the content presentation subscale had the highest item mean, 
which indicated the students' positive perceptions of the presentation of subject 
contents by their teacher by making use of the important components of both 
traditional teaching and CAI software (which consists of a variety of multimedia 
elements). The integration subscale, having the second highest item mean, represented 
the extent to which the students were satisfied with the way the CAI software was 
integrated into their daily science learning process by their teacher. The perceived 
effectiveness subscale had the lowest item mean, which indicated that the students of 
TCCAI group considered CAI software as an effective tool for learning Physical 
Science. Thus, it can be said that the positive perceptions of assessment, perceived 
effectiveness and integration subscales, in turn, might have enhanced their 
achievement in Physical Science. 
5.17.6.2 Combined and Individual Effect of CAI Attitude Subscales on 
Achievement in Physical Science for the SCCAI Group 
The results obtained by standard regression analysis indicated that CAI 
attitude subscales significantly predicted the achievement in Physical Science for 
students in the SCCAI group. This result was well-supported by the mean scores and 
210 
average item means of all the subscales of CAI attitude scale. The average item means 
of all the subscales were above 3 [between sometimes (2) and often (3)] that indicated 
an overall positive perception of the multimedia CAI software by the students of 
SCCAI group. 
Moreover, out of the five CAI attitude subscales, only three subscales, content 
presentation, individualization and perceived effectiveness, were found significantly 
predictive of Physical Science achievement scores for the SCCAI group. Out of these 
three significant subscales, the individualization subscale had the highest item mean, 
which indicated that the students found CAI software usefiil for individualized 
learning or self-paced learning. The content presentation subscale had the second 
highest item mean, which indicated the students' positive perceptions of the 
presentation of subject contents by their teacher by making use of the important 
components of both traditional teaching and CAI software. The perceived 
effectiveness subscale had the lowest item mean, which indicated that the students of 
SCCAI group also considered CAI software as an effective tool for learning Physical 
Science. Thus, it can be said that the positive perceptions of assessment, 
individualization and perceived effectiveness subscales, in turn, might have enhanced 
their achievement in Physical Science. 
5.17.7 Combined and Individual Effect of CAI Environment Subscales on 
Attitude towards Physical Science 
One of the objectives of this study was to study the combined and individual 
effect of CAI environment subscales on attitude towards Physical Science for students 
in the TCCAI and SCCAI groups. The results obtained by standard regression 
analysis indicated that CAI environment subscales significantly predicted their 
attitude towards Physical Science. Moreover, out of the three CAI environment 
subscales, only cognitive subscale was found significantly predictive of Physical 
Science attitude scores for the TCCAI group, and only emotional subscales was found 
significantly predictive of Physical Science attitude scores for the SCCAI group. 1 he 
findings of this study are in accordance with previous studies concerning the positive 
effects of CAI environment on attitude towards Science (A§kar, Yavuz, & Koksal. 
1992; Fraser & McRobbie, 1995; Hartley & Treagust, 2006; Kerr, Fisher, Yaxley. & 
Fraser, 2006; Koul & Fisher, 2006; Telli, Cakiroglu, & den Brok, 2006; Telli, den 
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Brok, & Cakiroglu, 2010; Wolf & Fraser, 2008; Wong & Fraser, 1996), confirming 
that CAI is a useful tool for improving the science classroom environment. 
5.17.7.1 Combined and Individual Effect of CAI Environment Subscales on 
Attitude towards Physical Science for the TCCAI Group 
The results obtained by standard regression analysis indicated that CAI 
environment subscales significantly predicted the attitude towards Physical Science 
for students in the TCCAI group. This result was well-supported by the mean scores 
and average item means of all the subscales of CAI environment scale. The average 
item means of all the subscales were above 2 [between same (2) and increased (3)] 
that indicated an overall positive perception of the CAI learning environment by the 
students of TCCAI group. When comparing the mean scores and average item means 
of the three subscales of CAI environment scale for students in the TCCAI group, the 
cognitive subscale had the highest item mean, which was representative of the degree 
to which students perceived the cognitive aspects of CAI environment usefiil for 
learning Physical Science. The emotional subscale had the second highest item mean 
which indicated the extent to which the students considered their CAI-based learning 
environment emotionally sound and conducive for learning Physical Science. The 
interaction subscale had the lowest item mean but which still pointed to a positive 
perception by students. It indicated students' positive perception of the quality of the 
interaction among students, and student-teacher interaction. 
Moreover, only cognitive subscale was found significantly predictive of 
Physical Science attitude scores for the TCCAI group. Their responses to 9 items 
(namely, interest, comprehension, attention, noise, self-evaluation, comfort, eager to 
study, success, and liking the course) that constitute the cognitive dimension of CAI 
environment scale and concern with the differences between the regular classroom 
and CAI environment, seem to indicate that due to CAI, their interest in Physical 
Science increased; they better comprehend the concepts; they were more attentive in 
the class; noise level was decreased; evaluation was done more frequently; they found 
the learning environment more comfortable; they were more eager to study; their 
success was increased; and they started liking the course more. 
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5.17.7.2 Combined and Individual Effect of CAI Environment Subscales on 
Attitude towards Physical Science for the SCCAI Group 
The results obtained by standard regression analysis indicated that {]AI 
environment subscales significantly predicted the attitude towards Physical Science 
for students in the SCCAI group. This result was supported by the mean scores and 
average item means of two subscales (namely, cognitive and emotional factors i of 
CAI environment scale, except interaction factor. The average item means of these 
two subscales were above 2 [between same (2) and increased (3)] that indicated a 
positive perception of the CAI learning environment by the students of SCCAI group. 
When comparing the mean scores and average item means of the three subscales of 
CAI envirormient scale for students in the TCCAI group, the cognitive subscale had 
the highest item mean, which was representative of the degree to which students 
perceived the cognitive aspects of CAI envirormient useful for learning Physical 
Science. The emotional subscale had the second highest item mean which indicated 
the extent to which the students considered their CAI-based learning environment 
emotionally sound and conducive for learning Physical Science. The interaction 
subscale had the lowest item mean but which still pointed to a positive perception by 
students. It indicated students' positive perception of the quality of the interaction 
among students, and student-teacher interaction. 
Moreover, only emotional subscale was foimd significantly predictive of 
Physical Science attitude scores for the SCCAI group. Their responses to 5 items 
(namely, fear, embarrassment, reinforcement, self-confidence, and anxiety) that 
constitute the emotional dimension of CAI environment scale and concern with the 
differences between the regular classroom and CAI environment, seem to indicate that 
their fear decreased; they felt less embarrassment; they experienced more 
reinforcement; they feh more self-confident and less anxious in the CAI environment 
5.17.8 Combined and Individual Effect of CAI Environment Subscales on 
Achievement in Physical Science 
One of the objectives of this study was to study the combined and individual 
effect of CAI envirormient subscales on achievement in Physical Science for students 
in the TCCAI and SCCAI groups. The results obtained by standard regression 
analysis indicated that CAI environment subscales significantly predicted their 
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achievement in Physical Science. Moreover, out of the three CAI environment 
subscales, cognitive and interaction subscales were found significantly predictive of 
Physical Science achievement scores for the TCCAI group whereas, cognitive and 
emotional subscales were found significantly predictive of Physical Science 
achievement in scores for the SCCAI group. The findings of this study are in 
accordance with previous studies concerning the positive effects of CAI environment 
on achievement in Science (Dorman 8c Fraser, 2009; Fraser, 2007, 2012; Fraser & 
McRobbie, 1995; Wolf & Fraser, 2008; Wong & Fraser, 1996), confirming that CAI 
is an effective tool for improving the students' academic performance. 
5.17.8.1 Combined and Individual Effect of CAI Environment Subscales on 
Achievement in Physical Science for the TCCAI Group 
The results obtained by standard regression analysis indicated that CAI 
environment subscales significantly predicted the achievement in Physical Science for 
students in the TCCAI group. This result was well-supported by the mean scores and 
average item means of all the subscales of CAI environment scale. The average item 
means of all the subscales were above 2 [between same (2) and increased (3)] that 
indicated overall positive effects of the CAI learning environment on students' 
achievement. 
Moreover, cognitive and interaction subscales were found significantly 
predictive of Physical Science achievement scores for the TCCAI group. Out of these 
two significant subscales, the cognitive subscale had the highest item mean, which 
seem to indicate that due to CAI, their interest in Physical Science increased; they 
better comprehend the concepts; they were more attentive in the class; noise level was 
decreased; evaluation was done more frequently; they found the learning environment 
more comfortable; they were more eager to study; their success was increased; and 
they started liking the course more. Further, interaction subscale had the second 
highest item mean, which seem to indicate that due to CAI, the quality of interaction 
among students as well as the quality of student-teacher interaction was enhanced. 
These could be the possible reasons for the predictive and positive relation of CAI 
environment subscales with achievement in Physical Science for students in the 
TCCAI group. 
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5.17.8.2 Combined and Individual Effect of CAI Environment Factors on 
Achievement in Physical Science for the SCCAI Group 
The results obtained by standard regression analysis indicated that ('AI 
environment subscales significantly predicted the achievement in Physical Science for 
students in the SCCAI group. This result was supported by the mean scores and 
average item means of two subscales (namely, cognitive and emotional subscales) of 
CAI enviroiunent scale, except interaction factor. The average item means of these 
two subscales were above 2 [between same (2) and increased (3)] that indicated 
positive effects of the CAI learning environment on students' achievement. 
Moreover, cognitive and emotional subscales were found significantly 
predictive of Physical Science achievement scores for the SCCAI group. Out of these 
two significant subscales, the cognitive subscale had the highest item mean, which 
seem to indicate that due to CAI, their interest in Physical Science increased; they 
better comprehend the concepts; they were more attentive in the class; noise level was 
decreased; evaluation was done more frequently; they found the learning environment 
more comfortable; they were more eager to study; their success was increased; and 
they started liking the course more. Further, emotional subscale had the second 
highest item mean, which seem to indicate that their fear decreased; they felt less 
embarrassment; they experienced more reinforcement; they felt more self-confident 
and less anxious in the CAI environment. These could be the possible reasons for the 
predictive and positive relation of CAI enviroimient subscales with achievement in 
Physical Science for students in the SCCAI group. 
5.18 Conclusion 
The findings of this experimental study lead to a number of conclusions 
regarding the effects of traditional teaching and CAI (TCCAI and SCCAI) on 
secondary school students' attitude and achievement in Physical Science. When the 
Physical Science attitude at pre-test and post-test stages for control, TCCAI, and 
SCCAI groups was compared, it was found that the increase in attitude for the TCCAI 
group was the highest followed by SCCAI and control groups respectively. Further. ai 
post-test stage, the results indicated a significant difference in attitude towards 
Physical Science among the groups. Moreover, the TCCAI group exhibited 
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significantly higher attitude towards Physical Science than the SCCAI group which, 
in turn, was found to have significantly higher attitude than the control group. 
Therefore, it can be concluded that TCCAI is more effective in increasing the 
students' attitudes towards Physical Science than SCCAI and traditional teaching. 
Neither significant effect of gender nor significant interaction effect of instructional 
method and gender was found on attitude towards Physical Science at post-test stage. 
Therefore, it can be concluded that TCCAI is an equally effective method for male 
and female students. 
When the Physical Science achievement at pre-test and post-test stages for 
control, TCCAI, and SCCAI groups was compared, it was found that the increase in 
achievement for the TCCAI group was the highest followed by SCCAI and control 
groups respectively. Further, at post-test stage, the results indicated that the overall 
performance of TCCAI group on Physical Science Achievement Test (PSAT) was 
significantly better than that of SCCAI group. Moreover, the overall performance of 
SCCAI group was significantly better than that of control group. Therefore, it can be 
concluded that TCCAI is a better instructional method for teaching Physical Science 
at secondary school level as compared to SCCAI and traditional teaching. Neither 
significant effect of gender nor significant interaction effect of instructional method 
and gender was found on achievement at post-test stage. Therefore, it can be 
concluded that TCCAI is an equally effective method for male and female students. 
The results for achievement at different levels of the cognitive domain showed 
that TCCAI group performed significantly better than SCCAI and control groups at 
knowledge, comprehension, application, and HOTS components of achievement test. 
Further, the performance of SCCAI group was significantly better than that of control 
group at knowledge, comprehension, and application levels, but not on HOTS 
subscale. Therefore, it can be concluded that TCCAI is a more effective method as 
compared to SCCAI and traditional teaching to enhance student learning at 
knowledge, comprehension and application levels of the cognitive domain in the area 
of Physical Science at secondary school level. 
The results for achievement in different content areas of Physical Science 
indicated that both the CAI experimental groups (TCCAI and SCCAI) exhibited 
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significantly better achievement in Physics than the control group. Moreover, the 
TCCAI group performed better than the SCCAI group. Therefore, it can be concluded 
that TCCAI is a better instructional method for teaching Physics at secondary school 
level as compared to SCCAI and traditional teaching. Further, both the TCCAI and 
SCCAI groups exhibited significantly better achievement in Chemistry than the 
Control Group. Moreover, the TCCAI group performed better than the SCCAI group. 
Therefore, it can be concluded that TCCAI is a better instructional method for 
teaching Chemistry at secondary school level as compared to SCCAI and traditional 
teaching. 
The results concerning the combined and individual effects of CAI attitude 
subscales on attitude towards Physical Science showed that CAI attitude subscales 
significantly predicted the attitude towards Physical Science for students in the 
TCCAI and SCCAI groups respectively. Out of the five CAI attitude subscales, onlv 
two subscales, namely, integration and perceived effectiveness significantly predicted 
the attitude towards Physical Science for students in the TCCAI Group. Only two 
subscales, namely, individualization and perceived effectiveness significantly 
predicted the attitude towards Physical Science for students in the SCCAI Group. The 
results concerning the combined and individual effects of CAI attitude subscales on 
achievement in Physical Science showed that CAI attitude subscales significantly 
predicted the achievement in Physical Science for students in the TCCAI and SCCAI 
groups respectively. Out of the five CAI attitude subscales, only three subscales, 
namely, content presentation, integration, and perceived effectiveness significanth' 
predicted the achievement in Physical Science for students in the TCCAI Group. Only 
three subscales, namely, content presentation, individualization, and perceived 
effectiveness significantly predicted the achievement in Physical Science for students 
in the SCCAI Group. Therefore, it can be concluded that the multimedia CAI 
software used in the present study has the desired features to be an effective 
instructional tool for teaching Physical Science at secondary school level in India 
This software in TCCAI and SCCAI approaches provides students with different 
opportunities to engage in science learning. 
The results concerning the combined and individual effects of CA) 
environment subscales on attitude towards Physical Science showed that CAI 
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environment subscales significantly predicted the attitude towards Physical Science 
for students in the TCCAI and SCCAI groups respectively. Out of the three CAI 
environment subscales, only cognitive subscale significantly predicted the attitude 
towards Physical Science for students in the TCCAI Group, and only emotional 
subscale significantly predicted the attitude towards Physical Science for students in 
the SCCAI Group. The results concerning the combined and individual effects of CAI 
environment subscales on achievement in Physical Science showed that CAI 
environment subscales significantly predicted the achievement in Physical Science for 
students in the TCCAI and SCCAI groups respectively. Out of the three CAI 
environmental subscales, only two subscales, namely, cognitive and interaction 
subscales significantly predicted the achievement in Physical Science for students in 
the TCCAI Group. Only two subscales, namely, cognitive and emotional subscales 
significantly predicted the achievement in Physical Science for students in the SCCAI 
Group. Therefore, it can be concluded that the learning environment created for the 
TCCAI and SCCAI groups by making use of multimedia software is conducive for 
the teaching-learning process of Physical Science and satisfies the learning needs of 
students of each group to a large extent as indicated by their enhanced improvement 
in attitudes and achievement. 
It is important to emphasize at this point that this study was done in the natural 
educational settings of a school, included the use of CAI within a context of intensive 
Physical Science study, and not an isolated experience at all, thus adding additional 
validity to the findings. Thus, it can be said in the light of the present study's findings 
that CAI software are far from the magic bullet many look for in science education, 
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SUMMARY. FINDINGS, IMPLICATIONS, 
RECOMMENDATIONS. AND SUGGESTIONS 
6.1 Introduction 
Nowadays, the computer is generally employed in education as a facilitator, as 
an evaluator of student learning as well as a personal tool or 'tool to think with" for 
both students and teachers. According to Taylor (1980), "a computer can be a tool. 
tutor, and tutee". Learning about the computers focuses on developmg 
technological/computer literacy. Learning with the computer means focusing on how 
the computer can be the means to learning ends across the curriculum. CAI belongs to 
the category of learning with the computer. The most important characteristics ol CAI 
as a teaching and learning medium are individualization, self-paced learning, self-
directed learning, the exercising of various senses, and the ability to represent content 
in a variety of media. The most striking potential of CAI is its promise for 
individualizing instruction. Even with widespread optimism about the usage of CAI in 
the science classroom, confounding research findings on the comparative 
effectiveness of CAI versus traditional instruction are present in the science education 
literature. Some research found that CAI was effective in improving students' science 
achievement or their attitudes toward science (Chang, 2001a, 2001b, 2002; Ferguson 
& Chapman, 1993; Levine, 1994; McCoy, 1991; Yalcinalp, Geban, & Ozkan, H>95). 
On the other hand, other researchers have found that the CAI approach has no 
significant effects on cognitive achievement or science learning (Morrell, 1992; 
Olugbemiro, 1991; Wainwright, 1989). The aforemenfioned mixing research results 
perhaps stemmed from some unknown factors that might have revolved around the 
CAI treatment and students' perceptions of learning enviromnent in the science 
classes. After reviewing meta-analyses and other studies of media's influence on 
learning, Clark (1983,1985) concluded that there are no learning benefits to be gained 
from employing any specific medium to deliver instruction. He went on to argue that 
most media or CAI comparison research, which compared CAI with conventional 
instruction or other media, has merely suffered from inherently flawed methodologies. 
He also made the claim that media are only the vehicles that deliver instruction but 
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that they do not influence student achievement or learning (Clark 1994). In view of 
that, it might be more important and appropriate to investigate the relative 
effectiveness of different computer assisted instructional methods and traditional 
teaching on students' science learning outcomes. Furthermore, while a number of 
previous studies and meta-analyses have primarily focused on the comparative 
efficacy of computer assisted instruction versus traditional instruction in the area of 
science education, there are relatively fewer inquiries exploring how various teaching 
formats or approaches of CAl, namely, teacher-centered and student-centered CAT 
influence students' science learning outcomes in the secondary classroom. 
Unfortunately, in India, there is not only a limited number of research studies that had 
focused primarily on the comparative efficacy of CAI versus traditional instruction 
but also hardly any research investigating how different teaching formats of CAI can 
influence students' learning outcomes in the area of Physical Science at secondary 
school level. Therefore, this study was undertaken to compare the effects of 
traditional teaching, teacher-centered and student-centered CAI on secondary school 
students' attitude and achievement in Physical Science with the aim of improving 
science instruction in the secondary school classrooms of India. Furthermore, two 
latent variables, namely, CAI attitude and CAI Environment Attitude subscales were 
also used as predictors to estimate their contribution towards students' attitude and 
achievement in Physical Science. 
6.2 Statement of the Problem 
"^ Comparative Study of the Effects of Traditional Teaching and Computer 
Assisted Instruction on Secondary School Students' Attitude and Achievement in 
Physical Science" 
6.3 Objectives of the Study 
1. To develop three measuring instruments, namely. Physical Science Attitude 
Scale, Physical Science Achievement test, and Computer Assisted Instruction 
Attitude Scale. 
2. To evaluate the effectiveness of multimedia CAI software for teaching 
Physical Science to secondary school students. 
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3. To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the control group. 
4. To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the Teacher-centered CAI (TCCAI) group. 
5. To compare the attitude towards Physical Science at pre-test and post-test 
stages respectively for students in the Student-centered CAI (SCCAI) group. 
6. To compare the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on attitude 
towards Physical Science for students in the control group and two 
experimental groups (TCCAI and SCCAI) respectively. 
7. To compare the achievement in Physical Science at pre-test and post-test 
stages respectively for students in the control group. 
8. To compare the achievement in Physical Science at pre-test and post-test 
stages respectively for students in the Teacher-centered CAI (TCCAI) group. 
9. To compare the achievement in Physical Science at pre-test and post-test 
stages respectively for students in the Student-centered CAI (SCCAI) group 
10. To compare the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on achievement 
in Physical Science for students in the control group and two experimental 
groups respectively. 
11. To examine the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on achievement 
in Physical Science for students in the control group and two experimental 
groups respectively at different levels of the cognitive domain (viz., 
knowledge, comprehension, application, HOTS). 
12. To explore the effects of traditional teaching and Computer Assisted 
Instruction (Teacher-centered CAI and Student-centered CAI) on achievement 
in Physical Science for students in the control group and two experimental 
groups respectively in different content areas (Physics and Chemistry) of 
Physical Science. 
13. To study the combined and individual effect of CAI attitude subscales on 
attitude towards Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
14. To study the combined and individual effect of CAI attitude subscales on 
achievement in Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
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15. To study the combined and individual effect of CAI environmental subscales 
on attitude towards Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
16. To study the combined and individual effect of CAI environmental subscales 
on achievement in Physical Science for students in the TCCAI and SCCAI 
groups respectively. 
17. To point out the main educational implications of this study. 
6.4 Hypotheses of the Study 
Hoi: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the control group. 
Ho 2: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the TCCAI group. 
Ho 3: There is no significant difference between the mean pre-test and post-test 
Physical Science attitude scores for students in the SCCAI group. 
Ho 4.1: There is no significant main effect of instructional method on mean post-test 
Physical Science attitude scores for students in the control, TCCAI, and 
SCCAI groups respectively, after controlling for the effect of pre-test as a 
covariate. 
Ho 4.2: There is no significant main effect of gender on mean post-test Physical 
Science attitude scores in the control, TCCAI, and SCCAI groups 
respectively, after controlling for the effect of pre-test as a covariate. 
Ho 4.3: There is no significant interaction effect of instructional method and gender 
on mean post-test Physical Science attitude scores for students in the control, 
TCCAI, and SCCAI groups respectively, after controlling for the effect of pre-
test as a covariate. 
Ho 5: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the control group. 
Ho 6: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the TCCAI group. 
Ho 7: There is no significant difference between the mean pre-test and post-test 
achievement scores for students in the SCCAI group. 
Ho 8.1: There is no significant main effect of instructional method on mean post-test 
achievement scores for students in the control, TCCAI, and SCCAI groups 
respectively, after controlling for the effect of pre-test as a covariate. 
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Ho 8.2: There is no significant main effect of gender on mean post-test achievement 
scores for students in the control, TCCAI, and SCCAI groups respectively, 
after controlling for the effect of pre-test as a covariate. 
Ho 8.3: There is no significant interaction effect of treatment and gender on mean 
post-test achievement scores for students in the control, TCCAI, and SCCAI 
groups respectively, after controlling for the effect of pre-test as a covariate 
Ho 9: There is no significant difference between the mean post-test achievement 
scores for students in the control, TCCAI, and SCCAI groups respectively, at 
different levels of cognitive domain, after controlling for the effect of pre-test 
as a covariate. 
Ho 10: There is no significant difference between the mean post-test achievement 
scores for students in the control, TCCAI, and SCCAI groups respectively, in 
different content areas of Physical Science, after controlling for the effect of 
pre-test as a covariate. 
Ho 11: CAI attitude subscales do not significantly predict the attitude towards 
Physical Science for students in the TCCAI and SCCAI groups respectively 
Ho 12: CAI attitude subscales do not significantly predict the achievement in Physical 
Science fox students in the TCCAI and SCCAI groups respectively. 
Ho 13: CAI environment subscales do not significantly predict the attitude towards 
Physical Science for students in the TCCAI and SCCAI groups respectively. 
Ho 14: CAI environmental subscales do not significantly predict the achievement in 
Physical Science for students in the TCCAI and SCCAI groups respectively. 
6.5 Research Design and Methodology 
In this study, a randomized pretest-posttest control group design (Campbell 
and Stanley, 1966) was used as shown m Figure- 6.1, because it is a true experimental 
design which controls for nearly all sources of internal and external invalidity. 
6.5.1 Sample 
The subjects of the present study included 210 students who were enrolled in 
class X in Ayesha Tarin Modem Public School, Aligarh, Uttar Pradesh, India. Using a 
table of random numbers, these students were randomly assigned to 6 sections, each 
section consisting of 35 students. Further, the three teaching approaches were 
randomly assigned to these 6 sections in such a way that the 2 sections were subjected 
to tradhional teaching, another 2 sections were subjected to teacher-centered CAI and 
the remaining 2 to student-centered CAI. In other words, 2 sections, subjected to 
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traditional teaching, were considered as control group and the remaining 4 sections, 
subjected to CAI, were considered as experimental groups: 2 sections as teacher-
centered CAI experimental group and the remaining 2 sections as student-centered 
experimental group. Moreover, two teachers were also randomly assigned to these 
sections so that each teacher had three sections to teach by making use of each type of 
teaching approach. This was done to minimize teacher differences and bias. Thus, a 
total of 210 students and 2 teachers (including researcher) were selected as 
participants for this study. 204 students were included in data analysis due to missing 
data for 6 students. 




















Figure 6.1: Figural Representation of Randomized Pretest - Posttest Control 
Group Design 
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6.6 Tools used in the Study 
• Science textbook and multimedia CAI software were the main intervention 
instruments of this study. 
• The dependent measure instruments used were: 
Physical Science Attitude Scale (PSAS) 
Physical Science Achievement Test (PSAT) 
Computer Assisted Instruction Attitude Scale (CAIAS) 
Computer Assisted Instruction Environment Scale (CAIES) 
PSAS, PSAT, and CAIAS were developed by the investigator; whereas 
Multimedia CAI software was developed by the investigator with the help of a 
computer expert. 
6.7 Data Collected for the Study 
In order to measure students' attitude towards Physical Science and their 
achievement in Physical Science, PSAS and PSAT were administered as pre-tests and 
post-tests respectively to students in all the three groups at the beginning and end of 
the intervention period. CAIAS and CAIES were administered only to the students of 
both the experimental groups at the end of the intervention period and their respective 
subscales were used to predict their attitude and achievement in Physical Science. 
6.8 Statistical Techniques Employed 
The main statistical techniques used in this study were: 
• Item analysis using Pearson's Product Moment Correlation 
• Determination of reliability and validity of tools developed by the investigator, 
namely, PSAS, PSAT, and CAIAS 
• Computation of mean and standard deviation 
• Independent samples Mest to see the significant difference between two means 
• Paired-samples /-test to see the significant difference in pre- and post-mean 
measurements on PSAS and PSAT respectively within the same group 
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• Factorial ANOVA to determine the significant difference between the 
experimental and control groups' attitude and achievement in Physical Science 
as measured by using PSAS and PSAT at pre-test stage 
• Factorial ANCOVA to determine the significant difference between the 
experimental and control groups' attitude and achievement in Physical Science 
as measured by using PSAS and PSAT at post-test stage, by taking their 
respective pre-test measurements as covariate 
• Effect size (that is, Partial Eta Squared, r| ) to assess the proportion of variance 
in dependent variables (attitude and achievement in Physical Science at post-
test stage) that is predictable from independent variables (instructional method 
and gender) and covariate when the variance associated with other predictors 
or independent variables has been partialled out or removed 
• Standard multiple regression to find out the combined and individual effect of 
CAI attitude and CAI environment subscales as predictors on attitude and 
achievement in Physical Science, of students of TCCAI and SCCAI groups 
6.9 Findings 
The main findings emanating from the present investigation are as follows: 
6.9.1 Effects of Traditional Teaching and Computer Assisted Instruction 
(TCCAI and SCCAI) on Students' Attitude towards Physical Science 
1. Paired-samples t-test results showed that there was a significant difference 
between the Pre-PSA and Post-PSA means for the control group, t (67) = -
19.87, p < .05. This indicates that traditional teaching had some positive 
impact on attitude towards Physical Science for students in the control group. 
2. There was a significant difference between the Pre-PSA and Post-PSA means 
for the TCCAI group, as indicated by the paired-samples t-test, t (67) = -22.75, 
p < .05. This shows that TCCAI had greater positive impact on attitude 
towards Physical Science for students in the TCCAI group as compared to 
traditional teaching. 
3. Paired-samples t-test results showed that there was a significant difference 
between the Pre-PSA and Post-PSA means for the SCCAI group, t (67) = -
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29.88, p < .05. This indicates that SCCAI had greater positive impact on 
attitude towards Physical Science for students in the SCCAI group as 
compared to traditional teaching but lesser positive impact as compared to 
TCCAI. 
At the pre-test stage, there was no significant difference in attitude tov ards 
Physical Science among the control, TCCAI, and SCCAI groups. In other 
words, these three groups were found to be equivalent as far as their attitude 
towards Physical Science at pre-test stage was concerned. But at the posi-test 
stage, two-way ANCOVA results indicated a significant main effect for the 
instructional method. That is, there was a significant difference in attitude 
towards Physical Science among the control, TCCAI, and SCCAI groups. F 
(2, 197) = 15.21,/? < .05, partial r| = .134. Instructional method accounted for 
13.4 percent of the total variance in attitude towards Physical Science, after 
controlling for the effect of Pre-PSA scores used as a covariate. 
Pairwise comparisons showed that after adjustment for the Pre-PSA scores 
used as covariate, the Post-PSA mean of TCCAI group was 3.35 and ^01 
points higher than that of SCCAI and control groups respectively. Moreover, 
the Post-PSA mean of SCCAI group was 3.66 points higher than that of 
control group. In other words, ANCOVA followed by pairwise comparisons 
indicated the superiority for the instructional methods, as far as their effects on 
students' attitude towards Physical Science was concerned, in the following 
order: TCCAI > SCCAI > Traditional Teaching. 
Results of two-way ANCOVA also indicated a non-significant main effect for 
gender, F (1, 197) = 0.01, p > .05. That is, there was no significant difference 
in attitude towards Physical Science among the male and female students of 
control, TCCAI, and SCCAI groups. 
There was no significant interaction between instructional method and gender 
as shown by the results of two-way ANCOVA, F (2, 197) = 0.50,;? > .05. 
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6.9.2 Effects of Traditional Teaching and Computer Assisted Instruction 
(TCCAI and SCCAI) on Students' Achievement in Physical Science 
1. Paired-samples t-test results showed that there was a significant difference 
between the Pre-test and Post-test means for the control group, t (67) = -30.72, 
p < .05. This indicates that traditional teaching had some positive impact on 
achievement in Physical Science for students in the control group. 
2. There was a significant difference between the Pre-test and Post-test means for 
the TCCAI group, as indicated by the paired-samples t-test, t (67) = - 44.01, p 
< .05. This shows that TCCAI had greater positive impact on achievement in 
Physical Science for students in the TCCAI group as compared to traditional 
teaching. 
3. Paired-samples t-test results showed that there was a significant difference 
between the Pre-test and Post-test means for the SCCAI group, t (67) = -32.53, 
p < .05. This indicates that SCCAI had greater positive impact on achievement 
in Physical Science for students in the SCCAI group as compared to 
traditional teaching but lesser positive impact as compared to TCCAI. 
4. At the pre-test stage, there was no significant difference in achievement in 
Physical Science among the control, TCCAI, and SCCAI groups. In other 
words, these three groups were found to be equivalent as far as their 
achievement in Physical Science at pre-test stage was concerned. But at the 
post-test stage, two-way ANCOVA results indicated a significant main effect 
for the instructional method. That is, there was a significant difference in 
achievement in Physical Science among the control, TCCAI, and SCCAI 
groups, F (2, 197) = 40.40, ;> < .05, partial r]^ = .291. Instructional method 
accounted for 29.1 percent of the total variance in achievement in Physical 
Science, after controlling for the effect of Pre-test scores used as a covariate. 
Pairwise comparisons showed that after adjustment for the Pre-test scores used 
as covariate, the Post-test mean of TCCAI group was 4.98 and 9.83 points 
higher than that of SCCAI and control groups respectively. Moreover, the 
Post-test mean of SCCAI group was 4.85 points higher than that of control 
group. In other words, ANCOVA followed by pairwise comparisons indicated 
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the superiority for the instructional methods, as far as their effects on students' 
achievement in Physical Science was concerned, in the following order: 
TCCAI > SCCAI > Traditional Teaching. 
5. Results of two-way ANCOVA also indicated a non-significant main effect lor 
gender, F (1, 197) = 0.09, p> .05. That is, there was no significant difference 
in achievement in Physical Science among the male and female students of 
control, TCCAI, and SCCAI groups. 
6. There was no significant interaction between instructional method and gender 
as shown by the results of two-way ANCOVA, F (2,197) = 0.72, p > .05. 
6.9.3 Effects of Traditional Teaching and Computer Assisted Instruction 
(TCCAI and SCCAI) on Students' Achievement in Physical Science at 
different levels of the cognitive domain 
1. At the post-test stage, one-way ANCOVA yielded a significant main effect tor 
the instructional method on students' achievement on knowledge component 
of PSAT, F(2 , 200) = 32.61,;? < .05, partial x\^ = .246. Instructional method 
accounted for 24.6 percent of the total variance in post-test scores on 
knowledge component of PSAT, after controlling for the effect of pre-test 
scores used as a covariate. This result indicated that there was a significant 
difference between the mean post-test achievement scores for students in the 
control, TCCAI, and SCCAI groups respectively, on knowledge component of 
achievement test, after controlling for the effect of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 1.01 and 2.84 points higher than that of SCCAI and control groups 
respectively, on knowledge component of PSAT. Moreover, the Post-iesi 
mean of SCCAI group was 1.83 points higher than that of control group. In 
other words, ANCOVA followed by pairwise comparisons indicated xhe 
superiority for the instructional methods, as far as their effects on students 
achievement on knowledge component of PSAT was concerned, in ihe 
following order: TCCAI > SCCAI > Traditional Teaching. 
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At the post-test stage, one-way ANCOVA yielded a significant main effect for 
the instructional method on students' achievement on comprehension 
component of PSAT, F (2, 200) = 13.90, p < .05, partial \^ = .122. 
Instructional method accounted for 12.2 percent of the total variance in post-
test scores on comprehension component of PSAT, after controlling for the 
effect of pre-test scores used as a covariate. This result indicated that there was 
a significant difference between the mean post-test achievement scores for 
students in the control, TCCAI, and SCCAI groups respectively, on 
comprehension component of achievement test, after controlling for the effect 
of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 1.20 and 2.41 points higher than that of SCCAI and control groups 
respectively, on comprehension component of PSAT. Moreover, the Post-test 
mean of SCCAI group was 1.21 points higher than that of control group. In 
other words, ANCOVA followed by pairwise comparisons indicated the 
superiority for the instructional methods, as far as their effects on students' 
achievement on comprehension component of PSAT was concerned, in the 
following order: TCCAI > SCCAI > Traditional Teaching. 
At the post-test stage, one-way ANCOVA yielded a significant main effect for 
the instructional method on students' achievement on application component 
of PSAT, F (2, 200) = 16.11,;? < .05, partial n^  = .139. Instructional method 
accounted for 13.9 percent of the total variance in post-test scores on 
application component of PSAT, after controlling for the effect of pre-test 
scores used as a covariate. This result indicated that there was a significant 
difference between the mean post-test achievement scores for students in the 
control, TCCAI, and SCCAI groups respectively, on application component of 
achievement test, after controlling for the effect of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 1.19 and 2.28 points higher than that of SCCAI and control groups 
respectively, on application component of PSAT. Moreover, the Post-test 
mean of SCCAI group was 1.09 points higher than that of control group. In 
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other words, ANCOVA followed by pairwise comparisons indicated the 
superiority for the instructional methods, as far as their effects on students' 
achievement on application component of PSAT was concerned, ir the 
following order: TCCAI > SCCAI > Traditional Teaching. 
4. At the post-test stage, one-way ANCOVA yielded a significant main effect tor 
the instructional method on students' achievement on HOTS component of 
PSAT, F (2, 200) = 9.36, p < .05, partial r^ = .085. Instructional method 
accounted for 8.5 percent of the total variance in post-test scores on HOTS 
component of PSAT, after controlling for the effect of pre-test scores used as a 
covariate. This result indicated that there was a significant difference between 
the mean post-test achievement scores for students in the control, TCCAI, and 
SCCAI groups respectively, on HOTS component of achievement test, after 
controlling for the effect of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 0.57 and 0.96 points higher than that of SCCAI and control groups 
respectively, on HOTS component of PSAT. Moreover, the Post-test mean of 
SCCAI group was 0.39 points higher than that of control group. In other 
words, ANCOVA followed by pairwise comparisons indicated the superiority 
for the instructional methods, as far as their effects on students' achievement 
on HOTS component of PSAT was concerned, in the following order: TCC^ AI 
> SCCAI > Traditional Teaching. 
6.9.4 Effects of Traditional Teaching and Computer Assisted Instruction 
(TCCAI and SCCAI) on Students' Achievement in different content areas 
(Physics and Chemistry) of Physical Science 
1. At the post-test stage, one-way ANCOVA yielded a significant main effect for 
the instructional method on students' achievement on Physics part of PSAT, / ' 
(2, 200) = 38.53, p < .05, partial t) = .278. Instructional method accounted for 
27.8 percent of the total variance in post-test scores on Physics part of PSAT. 
after controlling for the effect of pre-test scores used as a covariate. This result 
indicated that there was a significant difference between the mean post-test 
achievement scores for students in the control, TCCAI, and SCCAI groups 
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respectively, on Physics part of achievement test, after controlling for the 
effect of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 2.51 and 4.82 points higher than that of SCCAI and control groups 
respectively, on Physics part of PSAT. Moreover, the Post-test mean of 
SCCAI group was 2.31 points higher than that of control group. In other 
words, ANCOVA followed by pairwise comparisons indicated the superiority 
for the instructional methods, as far as their effects on students' achievement 
on Physics part of PSAT was concerned, in the following order: TCCAI > 
SCCAI > Traditional Teaching. 
2. At the post-test stage, one-way ANCOVA yielded a significant main effect for 
the instructional method on students' achievement on Chemistry part of 
PSAT, F (2, 200) = 38.56, p < .05, partial ri^  = .278. Instructional method 
accounted for 27.8 percent of the total variance in post-test scores on 
Chemistry part of PSAT, after controlling for the effect of pre-test scores used 
as a covariate. This result indicated that there was a significant difference 
between the mean post-test achievement scores for students in the control, 
TCCAI, and SCCAI groups respectively, on Chemistry part of achievement 
test, after controlling for the effect of pre-test as a covariate. 
Pairwise comparisons showed that the adjusted post-test mean of TCCAI 
group was 2.24 and 5.02 points higher than that of SCCAI and control groups 
respectively, on Chemistry part of PSAT. Moreover, the Post-test mean of 
SCCAI group was 2.78 points higher than that of control group. In other 
words, ANCOVA followed by pairwise comparisons indicated the superiority 
for the instructional methods, as far as their effects on students' achievement 
on Chemistry part of PSAT was concerned, in the following order: TCCAI > 
SCCAI > Traditional Teaching. 
6.9.5 Combined and Individual effect of CAI Attitude Subscales on Attitude 
towards Physical Science for students in the TCCAI and SCCAI groups 
1. CAI attitude subscales significantly predicted the attitude towards Physical 
Science for students in the TCCAI group, F (5, 62) = 7.29, p < Ml. They 
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together accounted for 31.9% of the variance in attitude towards Physical 
Science (R = .608, R^ = .370, Adjusted R^ = .319). 
i) Out of the five CAT attitude subscales (namely, content presentation, 
assessment, individualization, integration, and perceived effectiveness), 
integration (/ (62) = 3.78, p < .05) and perceived effectiveness (t (62) = 2.2\.p 
< .05) significantly predicted the attitude towards Physical Science lor 
students in the TCCAI group. 
ii) Integration and perceived effectiveness respectively explained 14.5% and 
4.5% of the variance in attitude towards Physical Science for students in the 
TCCAI group. 
2. CAI attitude subscales also significantly predicted the attitude towards 
Physical Science for students in the SCCAI group, F (5, 62) = 6.88, p < .001. 
They together accounted for 30.5% of the variance in attitude towards 
Physical Science (R = .597, R^ = .357, Adjusted R^ = .305). 
i) Out of the five CAI attitude subscales, individualization {t (62) = 3.15, p < 
.05) and perceived effecfiveness (/ (62) = 2.90, p < .05) significantly predicted 
the attitude towards Physical Science for students in the SCCAI group. 
ii) Individualization and perceived effectiveness respectively explained 32 1% 
and 29.5% of the variance in attitude towards Physical Science for students in 
the SCCAI group. 
6.9.6 Combined and Individual effect of CAI Attitude Subscales on 
Achievement in Physical Science for students in the TCCAI and SCCAI 
groups 
1. CAI attitude subscales significantly predicted the achievement in Physical 
Science for students in the TCCAI group, F (5, 62) = 21.49, p < M\. The\ 
together accounted for 60.5% of the variance in achievement in Physical 
Science {R = .796, R^ = .634, Adjusted R^ = .605). 
i) Out of the five CAI attitude subscales, content presentation (t (62) = 3.19, /> • 
.05), integration (/ (62) = 5.35, p < .05), and perceived effectiveness (/ (621 --' 
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2.31, p < .05) significantly predicted the achievement in Physical Science for 
students in the TCCAI group. 
ii) Content presentation, integration and perceived effectiveness respectively 
explained 6%, 16.9% and 3.2% of the variance achievement in Physical 
Science for students in the TCCAI group. 
2. CAI attitude subscales also significantly predicted the achievement in Physical 
Science for students in the SCCAl group, F (5, 62) = 16.19, p < .001. They 
together accounted for 53.1% of the variance in achievement in Physical 
Science {R = .752, R^ = .566, Adjusted R^ = .531). 
i) Out of the five CAI attitude subscales, content presentation {t (62) = 2.74, p < 
.05), individualization {t (62) = 2.24, p < .05), and perceived effectiveness {t 
(62) = 3.89, p < .05) significantly predicted the achievement in Physical 
Science for students in the SCCAI group. 
ii) Content presentation, individualization, and perceived effectiveness 
respectively explained 5.2%, 3.5% and 10.6% of the variance achievement in 
Physical Science for students in the SCCAI group. 
6.9.7 Combined and Individual effect of CAI Environment Subscales on 
Attitude towards Physical Science for students in the TCCAI and SCCAI 
groups 
1. CAI environment subscales significantly predicted the attitude towards 
Physical Science for students in the TCCAI group, F (3, 64) = 12.05, p < .05. 
They together accounted for 33.1% of the variance in attitude towards 
Physical Science {R = .601, R^ = .361, Adjusted R^ = .331). 
i) Out of the three CAI environment subscales (namely, cognitive, emotional, 
and interaction), only cognitive factor {t (64) = 4.67, p < .05) significantly 
predicted the attitude towards Physical Science for students in the TCCAI 
group. 
ii) Cognitive subscale accounted for 21.8% of the variance in attitude towards 
Physical Science for students in the TCCAI group. 
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2. CAI environment subscales significantly predicted the attitude towards 
Physical Science for students in the SCCAI group, F (3, 64) = 8.88, p < 05. 
They together accounted for 26.1% of the variance in attitude towards 
Physical Science (R = .542, R^ = .294, Adjusted R^ = .261). 
i) Out of the three CAI environment subscales, only emotional subscale {t (641 = 
5.03, p < .05) significantly predicted the attitude towards Physical Science lor 
students in the SCCAI group. 
ii) Emotional subscale accounted for 27.9% of the variance in attitude towards 
Physical Science for students in the SCCAI group. 
6.9.8 Combined and Individual effect of CAI Environment Subscales on 
Achievement in Physical Science for students in the TCCAI and SCCAI 
groups 
1. CAI environment subscales significantly predicted the achievemem in 
Physical Science for students in the TCCAI group, F (3, 64) = 22.19, /? < .05. 
They together accounted for 48.7% of the variance in achievement in Physical 
Science (R = .714, R^ = .510, Adjusted R^ = .487). 
i) Out of the three CAI environment subscales, cognitive factor (r (64) = 6.80. p 
< .05) and interaction factor {t (64) = 2.20, p < .05) significantly predicted the 
achievement in Physical Science for students in the TCCAI group. 
ii) Cognitive and interaction subscales respectively accounted for 35.4% md 
3.7% of the variance in achievement in Physical Science for students in the 
TCCAI group. 
2. CAI environment subscales significantly predicted the achievement in 
Physical Science for students in the SCCAI group, F (3, 64) = 10.99, p < J5 
They together accounted for 30.9% of the variance in achievement in Physical 
Science {R = .583, R^ = .340, Adjusted R^ = .309). 
i) Out of the three CAI environment subscales, cognitive subscale {t (64) = 3.()2. 
p < .05) and emotional subscale (/ (64) = 3.59, p < .05) significantly predicted 
the achievement in Physical Science for students in the SCCAI group. 
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ii) Cognitive and emotional subscales respectively accounted for 13.5% and 
13.3% of the variance in achievement in Physical Science for students in the 
SCCAI group. 
6.10 Educational Implications 
The findings of the present study contribute to the existing knowledge on the 
effectiveness of CAT on students' attitude and achievement in Physical Science. In 
addition to providing empirical data to fill in the gap in the national and international 
literature, this study provides useful information that may be of value to teachers and 
researchers in India and other developing countries. Educationists all over the world 
have emphasized that the quality of instruction is the most important school-related 
factor influencing the students' achievement and attitudes toward various academic 
subjects, instructional method, and learning environment. In the light of this 
perspective, the observations and findings of the present study may have strong and 
useful educational implications in the existing school educational set-up of India, 
which are discussed as follows: 
1. This study has evaluated the effectiveness of CAI software and also, supported 
the reliability and validity of CAIAS and CAILES when used specifically with 
a sample of secondary school students. Therefore, teachers and future 
researchers can use CAI software and both scales with secondary school 
students all over India so as to obtain a complete picture of those features of 
the software and those aspects of the learning environment which are most 
likely to promote students' attitude and achievement. 
2. One of the study's major contributions was that a new CAI attitude scale was 
developed and validated specifically for the CAI software developed and used 
in this study and unique setting of computer assisted instruction in secondary 
school science classroom. The subscales in this instrument were found to 
display adequate internal consistency reliability. It is likely that other 
researchers will find this new instrument useful in future evaluations of CAI 
software. 
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3. The present study provides teachers with guidelines and step-wise procedure 
for developing multimedia CAI software and evaluating its effectiveness m a 
regular school setting. The teachers could also use these guidelines for testing 
the effectiveness of a number of commercial educational software available in 
India which can be accessed online as well as offline and are designed lor 
school education and different educational boards in India. 
4. Since both TCCAI and SCCAI promoted more positive attitudes toward 
Physical Science and also led to better achievement, therefore it is suggested 
that the instructors should use CAI for teaching science. For creating CM 
learning environment, the instructors should be familiar with various formats 
or approaches of CAI (namely, TCCAI and SCCAI) and well-trained in using 
them appropriately, as per the available facilities in schools. If well-equipped 
computer labs are available in schools, then the instructors should use SCCAI 
approach; otherwise they would go for TCCAI approach. Before 
implementing SCCAI, the students should be given training on how to work 
on the CAI software and how to complete it by following the guidelines 
properly. 
5. The major outcomes from this part of the study suggested that the interaction 
with CAI software provides students of SCCAI group with enhanced 
opportunities to learn, practise, and master science concepts at their own pace. 
Overall, the different aspects of the study provided complementary insights 
into learning in a context which was designed to emphasize the integration of 
CAI into science teaching-learning process. 
6. The findings suggested that appropriately-designed CAI can be an effective 
instructional tool in the classroom milieu. It also shows that the educational 
application of CAI as a learning tool in science classrooms can be efficacious 
While a myriad of studies have examined the effects of CAI on a number of 
variables in developed countries, no systematic attempts previously have been 
made in India to examine the effects of students' attitude towards CAI and 
perceptions of CAI learning environment on their attitude and achievement in 
Physical Science. This study appears to be the first which involved student 
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perceptions of the CAI learning environment in the evaluation of CAI. This 
study is an attempt to fill this gap and hopefully, it will serve as a catalyst for 
further research into the use of CAI in the classroom. 
The findings of the present study, regarding the effects of different features of 
multimedia CAI software and different aspects of CAI learning environment, 
have a number of implications for instructors or teachers and instructional 
designers. These findings clearly indicate the sets of characteristics and 
features that students perceived as strengths and weaknesses of CAI software. 
This information can subsequently be used to modify and fine-tune the CAI 
software and other existing commercial software if they are to be used with 
future groups of students. This information can also be used for the 
development of future CAI software. 
This study also provides science teachers with information about important 
aspects of the learning environment that, if altered, could lead to increases in 
students' attitudinal and achievement gains. This study has indicated that 
many aspects of learning environment are associated with students' attitudinal 
outcomes. For example, favourable attitudes were found to be associated with 
students' positive perceptions of the cognitive, emotional, and interaction 
dimensions. Associations between students' perceptions of the learning 
environment and achievement outcomes reported in this study suggest that the 
provision of a learning environment that is suitably sound on its cognitive, 
emotional, and interactive dimensions is more likely to promote achievement. 
In the present study, the students' attitude towards CAI and their perceptions 
of the computer assisted learning environment significantly influence their 
attitude and achievement in Physical Science. This means, of course, that the 
factors which influence the success of CAI and the implementation of 
computer use in school must be carefully handled. The students' attitudes are 
of crucial importance to the success or failure of educational approaches and 
media, for a negative reaction will inhibit learning whereas a positive one will 
make students more receptive to the learning activity. 
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6.11 Recommendations for Practice 
The study results do not call for immediate and widespread change in the 
teaching of science. However, a discussion should begin among the science teachers 
in Aligarh district and other states of India concerning the use of CAI. Some schools 
have the equipment and are not using it. Others would like to use the equipment but 
do not have access to it. Many teachers have never been introduced to CAI, and could 
find it useful in their classrooms. Since the findings of this study revealed the positive 
outcomes of the effectiveness of CAI on achievement and attitude scores of secondary 
school students, the following recommendations for integration of CAI in science 
lessons should be followed in order to get effective results in the Indian school 
educational system: 
1. Since TCCAI was found to be more effective than SCCAI and traditional 
instruction in enhancing students' attitude and achievement in Physical 
Science, therefore science teachers of Indian schools can incorporate CAI into 
science teaching. 
2. Since CAI software used in this study led to students' positive attitudes toward 
CAI and positive perceptions of CAI learning environment, therefore it can be 
concluded that students are ready for the integration of computer technologies 
into science lessons. Hence, it is recommended that computers and educational 
software must be integrated into science curriculum in Indian school 
educational system. For more fruitful results, students should be introduced to 
the use of technology in their learning process prior to secondary school. As 
students need some time to get familiar with CAI and other educational 
software, therefore students should be given enough number of opportunities 
to use software so that they would be able to gain the knowledge and skills 
needed for using them appropriately. 
3. One of the possible reasons for the positive effects of CAI on students 
attitude and achievement in this study was that the participating teachers were 
properly trained in using and integrating CAI software into science teaching 
Since teacher's abilities and skills play a crucial role on the effectiveness of 
CAI, therefore teachers' training for successful integration of educational 
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software should be given due importance. In order for teachers to use CAI 
effectively in the science classroom, they need to receive sufficient training in 
order to be comfortable using this technology with students. Student teachers 
in the education departments, pre-service and in-service teachers should be 
trained in computer-based education. For this purpose, NCERT and DIETs 
(District Institute of Educational Technology) should start and provide a 
certification course on CAI for school teachers. 
Pre-service teacher training programs such as B.Ed, conducted by education 
departments or teachers' training institutions should also involve a course to 
inform prospective teachers about the benefits of CAI and how to integrate 
computers into science teaching. Suitable arrangements should be made by 
departments or institutions for prospective teachers to teach at least two 
lessons using CAI during their teaching practice, so that they can integrate 
computers into their teaching more easily when they will become professional 
teachers. 
Teachers should have knowledge of how technology can influence their 
students' understanding of the science concepts, achievement, and attitudes; 
they also should understand how to use technology and how to select 
appropriate software. There is a need to provide teachers with opportunities to 
develop teaching methods for computer integration. Courses for teachers 
might be designed to help them gain competency of "teaching with 
computers". 
Science curriculum and textbooks should be revised based on the novelties in 
educational technologies and computer technologies. Curriculum developers 
should take the effectiveness of CAI into consideration during curriculum 
development process. The involvement of computers in science curriculum 
will accordingly make teachers give more importance to CAI, The textbooks 
published by NCERT and most of the publishers in India have not taken into 
consideration the benefits of CAI. It's high time for them that they should 
supplement their books with educational CDs designed and developed on the 
pattern of CAI and its various modes. 
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7. All schools in India should have a computer laboratory that can be used to 
support the conventional teaching methods for the subject matter presentation. 
Teachers should consider CAI as a supplement rather than a substitute for 
traditional instruction and make use of TCCAI and SCCAI as per the available 
facilities and requirements of the subject matter to be taught. 
8. The government should provide schools, education departments, and other 
teachers' training institutions with larger technology budgets. Technology 
resources (hardware, software, and Internet access) should be provided in 
every school and department. In this context, it can be suggested that each 
school and department should have one computer lab and one multimedia 
room. Moreover, at least one computer with Internet access should be made 
available in computer lab and multimedia room. In addition to the supply of 
resources, technical support should be provided to schools and teachers to use 
these resources effectively. 
6.12 Suggestions for Further Research 
Based on the results and findings revealed from the study, recommendations 
for future research on this topic are as follows: 
1. This study was limited to class X students enrolled in Ayesha Tarin Modern 
Public School in Aligarh, and it can be replicated with a larger sample size for 
generalization to a bigger population. Future research should be undertaken 
with bigger and broader samples to improve confidence in the findings. Such 
studies could include samples from primary, secondary and college levels in 
India to examine whether the findings of the present study can be generalized 
to other states within India by including more grade levels in order i.o 
investigate the effectiveness of CAI in science education. 
2. CAI can be administrated to different topics and branches of science. 
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3. Since this study evaluated the effectiveness of CAI software for teaching four 
chapters of Physical Science, therefore further study would be required to 
determine what effects the CAI software, if used for the entire syllabus, would 
have on students' attitude and achievement. 
4. Since this study was conducted for a period of eight weeks, therefore further 
study would be required to determine what effects the CAI software, if used 
for the entire one semester or for the entire session, would have on students' 
attitude and achievement. 
5. Future researchers should undertake studies to determine the effectiveness of 
various types of CAI for different subject areas and at different grade levels. 
For instance, further research studies should be conducted for different subject 
matters such as Mathematics and foreign languages. 
6. Different kinds of educational software can be developed and utilized in order 
to assess the attribution of a particular software type. 
7. Researchers can carry out research studies to provide the effectiveness of CAI 
not only on attitudes but also on motivation. 
8. Further research needs to be conducted which address the effectiveness of CAI 
among different periods of instructional time in terms of weeks. 
9. If random assignment is not possible for sampling, a quasi-experimental 
method can be used for this type of research study. 
10. Further studies should be conducted with the students with different levels of 
science achievement and with different amounts of CAI activities. Results 
would indicate how the variance of students' achievement level interacts with 
different amounts of CAI. 
11. Further research studies can be carried out to examine whether or not gender 
differences is related to the effectiveness of CAI. Future researchers testing 
242 
interaction between instructional method and gender may improve the strength 
of their studies' findings by using a large sample size having proportionately 
equal male and female groups. 
12. Further research studies should be conducted to investigate the teacher's 
readiness, attitudes and knowledge about computer-assisted science teachers 
13. This study should be replicated in other school settings such as colleges, 
universities and private schools. This would provide the effectiveness of 
computer-assisted instruction for different population in India. 
14. Future researchers should also aim at exploring the different ways in which 
male and female students view the different features of muUimedia C/\I 
software and different aspects of CAI learning environment and the use of 
computers in their science courses at different school levels in India. This 
would help them not only in identifying the general trends concerning 
students' perceptions of the effectiveness of CAI in science courses at 
different school levels but also in finding out the differences in perceptions, if 
any, between male and female students. 
15. It is very important to carry out longitudinal studies to study the effects of the 
inclusion of CAI in science teaching at schools. For such studies, computers 
should be included during earlier grades in order to determine what effect the 
inclusion of CAI in the lower grades would have on students' achievemem, 
attitudes toward science and CAI, and perceptions of CAI learning 
environment as they move to higher grades. For instance, follow-up studies 
should be conducted to assess the students' gains after the second and third 
years of CAI implementation. 
16. Future studies should employ qualitative data collection methods (such as 
interviewing procedure or focus-group interviews) to explore the students' 
perceptions toward CAI software and CAI learning environment. 
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17. CAIAS and CAILES respectively could be used by future researchers to 
assess the teachers' attitude towards CAT and their perceptions of CAI 
learning environment, as well as to compare the teachers' attitude and 
perceptions with those of their students. This would help in investigating the 
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How does light travel? 
Light rays travel in straight lines f rom the light source. 
When i t hits an opoque object, some light is absorbed and 
the rest ref lects o f f . 
I f the object is transparent, light rays pass through it 
easily. 
I f the object is translucent, some light can pass through, 
but the rest of the light will be ref lected. 
How do we see colour? 
Light from most light 
sources looks white, but 
actually contains all the 
colours of the spectrum; 
olso known as the 
rai 
I f an object looks blue, it 
is absorbing every colour 
except blue, which is 
reflecting off i t and 
entering your eyes. 
I f an object looks orange, 
it is absorbing every colour 
except orange, which, 
again, is reflecting of f and 
entering your eyes. 
(You get the ideal) 
Animation-based Slides from Physics Tutorial 
Animation-based Slides from Physics Tutorial 
VI 
APPENDIX B 
PROGRAM EVALUATION CHECKLIST 
Please, rate the extent to which you agree or disagree with the following statements 
(Rating: 1 = Disagree, 2 = Neutral, and 3 = Agree). Please be honest in your 
responses, your objective opinion will only support the purpose of this study. 
Name: Male/Female: 

















Instructions are clearly and explicitly 
presented. 
Instructional help is available. 
Instruction is in appropriate size 
chunks. 
Instruction length is appropriate. 
Mastery level is appropriate. 
Instructional objectives are useful. 
Instructional objectives are stated. 
Instructional objectives are worded 
in the students' vocabulary and 
reading level. 
Questions are clear how to respond. 
Answer can be requested. 
Help can be requested. 
The sequence of instructions or 
activities is appropriate. 
The instructional organization and 
directions are made clear to the 
students. 
All instructions or activities are 
relevant. 
It is helpful for the students' 
motivation. 
Challenge is appropriate. 
Curiosity, confidence, and 
satisfaction are maintained. 
Guided and independent practice 
problems are available. 
Rating Comme 
















Interface is uncluttered. 
Interface is well-organized using 
colour coding. 
Interface maintains attention to 
important 
information using text highlighting. 
Texts are used appropriately. 
Colours are used appropriately. 
Text layout is attractive. 
Fonts styles are always easy to read. 
Sentence and paragraph styles are 
consistent. 
Overwriting is avoided. 
Buttons are clear how to make a 
choice. 
Buttons are clear how to fix an 
incorrect 
choice. 
Animation and graphics are relevant. 
Animation and graphics are used 
appropriately. 
Animation and graphics are used for 
important information. 
Animation and graphics are aesthetic. 
The speed of display and motion is 
appropriate. 
Page breaks are at good points. 
Margins are appropriate and 
consistent. 
Rating Comme 












Enough interactions (e.g., feedback) 
are 
available. 
A variety of types of interactions are 
provided. 
Feedback is given. 
Feedback attracts attention. 
Feedback is the appropriate type 
(text, 
graphic, markup, or sound). 
Feedback is instructional. 
Feedback is corrective. 
Feedback is clear. 
Lesson level adapts to the students. 
The students can determine pace. 
Temporary termination is available. 
Rating Comments 
















Reading level is appropriate for the 
students. 
Reading level is appropriate for the 
content. 
Reading level is consistent 
throughout the 
program. 
Culturally biased language is 
avoided. 
Culturally biased references or 
examples 
are avoided. 
Technical terms are relevant. 
Technical terms are explained. 
Spelling, grammar, and punctuation 
are 
correct. 





USABILITY STUDY QUESTIONNAIRE 
Introduction 
Thank you for your participation for this usability study. 
The purpose of this usability study is to help me gain an understanding of whether 
Multimedia CAI Software, you will use, is well-designed for students to learn Ph} sical 
Science, and to get your feedback and suggestions about the software. The results 
from this usability test will be used to revise and improve the software. 






3. Grade that you are in or you are(were) teaching: 
_ Pre/Kindergarten 
_ Elementary (Please, specify ) 
_ Secondary (Please, specify ) 
TASK QUESTIONNAIRE 
I. Task 1: General Impression 
Directions: Please take 15 minutes to work on Multimedia CAI Software. Kindly ndicatc 
the extent to which you agree or disagree with each statement by putting a tici< 
mark {^) in one of the five columns against it. Your response will remain 
confidential and will be used for research work only. Your cooperation is 
greatly appreciated. 
Statements 
1- CAI software looks easy to use. 
2. Structures and contents are simple 
and well-organized. 
3. Interesting instructions and activities 
are provided. 
4. Various functions are well 
integrated. 
5. Overall wordings are 
understandable. 
6. CAI software is visually appealing. 
7. I feel very confident using CAI 
software. 
8. Most students would learn to use 
CAI software very quickly. 
9. I would like to use CAI software 
frequently in the future. 
Strongly 
Agree 
Agree Undecided Disa Strong! 
Disagn 
II. Task 2: Scenario 
Directions: Pretend that you are working on Multimedia CAI Software as a siudeni 
in your classroom. You need to complete the following tasks \Mthin 
25 minutes. 
• Review one instructional tutorial 
• Solve three guided and independent practice problems 
After finishing the tasks, please circle the extent to which you agree or 
disagree with the following statements. Please be honest in your responses, vour 
objective opinion will only support the purpose of this usability study. 
Statements 
1. CAI software is easy to review an 
instructional tutorial. 
2. CAI software is easy to solve three 
guided and independent practice 
problems. 
3. I am able to complete these tasks in a 
reasonable amount of time. 
4. CAI software provides appropriate 
amount of instructions and activities 
on each screen. 
5. Graphic or animation is 
appropriately used to explain the 
instructions and activities. 
6. Enough interactions (e.g., feedback) 
are available. 
7. Instructions and activities would be 
valuable and applicable for students. 
Strongly 
Agree 
Agree Undecided Disa Strongly 
Disagree 
APPENDIX D 
Physical Science Attitude Scale (PSAS Scale) 
Directioos: Kindly indicate your opinion about each statement by putting a tick mar^ (^) in 
one of the five columns against the given statements that best represent your 
beliefs. Your response will remain confidential and will be used for research 
work only. Your cooperation is greatly appreciated. 







1. Studying Physical Science gives me 
immense pleasure. 
2. 1 would hesitate to participate in a 
science exhibition. 
3. I think I could understand the laws of 
Physical Science. 
4. 1 would avoid a job in the field of 
science. 
5. Physical Science helps me enhance my 
creative abilities. 
6. Performing experiments in science 
laboratory are such a waste of time. 
7. Deriving mathematical equations in 
Physical Science gives me a sense of 
satisfaction. 
8. I am not sure about taking part in 
activities related to science. 
9. I would like to be the director of 
science-fiction movies. 
10. Physical Science is irrelevant to my 
everyday life. 
11. 1 enjoy manipulating equipments in 
science laboratory. 
12. I usually worry about completing 
science assignments. 








14. I would not like to be a scientist. 
15. Knowledge of science is important for 
understanding the things around us. 
16. Physical Science lectures turn my 
mood off 
17. I feel comfortable while working with 
chemicals in science laboratory. 
18. I cannot memorize the formulas in 
Physical Science. 
19. Science is necessary for pursuing my 
career goals. 
20. Scientific inventions are harmful. 
21. I prefer to spend extra time on reading 
science books. 
22. My mind goes blank whenever I study 
Physical Science. 
23. I can solve numerical problems in 
Physical Science quite easily. 
24. Working as a science teacher would not 
be enjoyable. 
25. Science is useful for solving a number 
of environmental problems. 
26. I would not like to join a science club. 
27. I do not get anxious during a science 
test. 
28. I could not understand the graphical 
representations of concepts in Physical 
Science. 
29. Career in science would be really 
exciting. 
30. The concepts of Physical Science will 
not be helpful in my future life. 
APPENDIX E 
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the Colourful World 
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Physical ^cience Achievement Test (PSAT) 
Directions: There are 72 questions in tliis test. Eacii question is followed by 4 options (a, b, c and d i 
Read each question carefully and decide which option is the correct answer. Kindl\ 
indicate your answer for each question by putting a tick mark (•^) against the option ihai 
represents the correct answer. Your marks in this test will remain confidential and will be 
used for research work only. Your cooperation is greatly appreciated. 
Name of the student: Male/Female: 
Class: Section: 
RoUNc: Date: 
1. Tlie phenomenon by which the incident light falling on a surface is sent back into the 
same medium is known as 
a) polarization c) refraction 
b) reflection d) absorption 
2. Which of the following phenomena of light are involved in the formation of a rainbow? 
a) Reflection, refraction and dispersion 
b) Refiaction, dispersion and total internal reflection 
c) Refraction, dispersion and internal reflection 
d) Dispersion, scattering and total internal reflection 
3. What is the angle between the incident and reflected rays when a ray of light i.s incident 
normally on a plane mirror? 
a) 90° c) 180° 
b) 45° d) 0° 
4. An object placed 2m from a plane mirror is shifted by 0.5 m away from the mirror. Wha 
is the distance between the object and its image? 
a) 2 m c) 5 m 
i ) 1.5 m d) 3 m 
5. A ray of light passing throu^ the retraces its path. 
a) focus c) centre of curvature 
b) pole d) vertex 
6. A convex lens has a focal length of 10 cm. Where should an object be placed in from of 
this lens so as to obtain an image which is real, inverted and of the same size as th( 
object? 
a) 5 cm c) 20 cm 
b) 10 cm d) 40 cm 
7. The focal lengtii of the eye lens increases when eye muscles 
a) are relaxed and lens becomes thinner 
b) contract and lens becomes thinner 
c) are relaxed and lens becomes thicker 
d) contract and lens becomes thicker 
8. Which of the following phenomena contributes significantly to the reddish appearance of 
the sun at sunrise or sunset? 
a) Total internal reflection of light 
b) Dispersion of light 
c) Reflection of light from the earth 
d) Scattering of light 
9. Dentists use a to focus light on the tooth of a patient. 
a) concave mirror 
b) convex mirror 
c) plane mirror 
d) cylindrical mirror 
10. Two identical prisms PQR and P'Q'R' are givea White light is passed through prism 
PQR as shown below. 
Which of the following positions of P'Q'R' will again yield white light? 
C) H. 
11. A person suffering from an eye-defect can see clearly only up to a distance of 2 npetres. 
















A man standing in front of a magic mirror finds his image having a very small head, a fat 
body and legs of normal size. The following is the correct order of combinations for the 
nu^c mirror from the top; 
convex, concave and plane 
plane, convex and concave 
concave, plane and convex 
plane, concave and convex 
An object of size 2.0 cm is placed perpendicular to the principal axis of a concave mirror, 
The distance of the object from the mirror equals to the radius of curvature. The size of 







14. Which of the following figures shows the bending of light from a denser (D) medium 
into a rarer (R) medium? 
(a) (b) 
(d) 
15. The power of alens being+4 dioptreSj suggKts that it is a 
a) convex lens c) plano-convex lens 
b) concave lens d) plano-concave lens 
16. The least distance of distmct vision for a young adult with normal vision is 
a) 25m c) 25 cm 
b) 2.5 cm d) 2.5 m 
17. A person needs a lens of power + 1.5 dioptres for correcting his near vision. What i^  the 
foc^ length of the lens required? i 
a) -66.6 cm c) -6.66 m 
b) +66.6 cm d) + 6.66 m 
18. An object becomes invisible when it undergoes ^ reflection. 
a) regular c) diffused 
b) irregular d) normal 
19. Figures I, II, and III respectively, indicate the point of focus in case of 
I I 
a) normal eye, hypermetropic eye, myopic eye 
b) hypermetropic eye, myopic eye, normal eye 
c) normal eye, myopic eye, hypermetropic eye 
d) myopic eye, normal eye, hypermetropic eye 
20. If the image formed by a concave minror is virtual, erect and magnified, then the object is 
placed . 
o) between the pole and focus 
b) beyond the centre of curvature 
c) at the centre of curvature 
cO at the focus 
21. If an object is placed at a distance of 10 cm in front of a plane mirror, how far would it be 
from its image? 
a) "10 cm c) 15 cm 
6) 5 cm d) 20 cm 
22. The danger signals are red in colour. These can be seen easily from a distance because 
among all other colours, the red light is 
a) is reflected the most by smoke or fog 
b) is absorbed the most by smoke or fog 
c) is scattered the most by smoke or fog 
£0 is scattered the least by smoke or fog 
23. A student sitting in the last row of the classroom is not able to read clearly the letters on 
the blackboard. What is the scientific name of defect of vision he is suffering from? 
c) hypermetropia 
d) myopia 


















25. The centre of the sphere of which the spherical mirror forms a part is called . 




26. An object 5 cm high is placed at a distance of 10 cm from a convex mirror of radius of 
curvature 30 cm. What is the nature and size of the image? 
a) real and inverted; - 3 cm 
b) real and inverted; + 3 cm 
c) virtual and erect; - 3 cm 
of) virtual and erect; + 3 cm 
27. The bluish colour of water in deep sea is due to 
a) presence of algae 
b) scattering of light 
c) reflection of sky in water 
d) absorption of light by sea 
28. The near point of a person suffering fix)m hypermetropia is at 50 cm from his eye. V/hat 
is the nature and power of the lens needed to correct this defect? 
a) convex; P = - 2 D * 
b) concave; P = +2D 
c) convex; P = + 2 D 
d) concave; P = - 2 D 
29. An object AB is placed in front of a convex lens at its principal focus as shown below m 
the figure. 
1 







Most of the refraction of light rays entering the eye occurs at the outer surface of the 
cornea c) iris 
lens d) pupil 
The refractive indices of alcohol, water, benzene, and kerosene are 1.36, 1.33, 1.50, and 





32. An object AB is placed in front of a concave lens, between F and 2F as shown belov. ii> 
the figure. A yry 












7^ f I ' 
«1) 
The relation between the focal length and radius of curvature of a mirror is 
R 
f ' - l / = 
• / = R + 2 «0 / = 2R 
The bending of a beam of light when it passes obliquely from one medium to another is 





An object is 2 m from a lens which forms an erect image of one-fourth the size of the 
object. What is the name and focal length of this lens? 
concave;-66.7 cm ' c) convex; - 66.7 cm 
concave;+ 66.7 cm d) convex; + 66.7 cm 














Olfactory mdicators change their 
taste 
state 
The outermost shell of atoms in case 
less than 4 electrons 
more than 4 electrons 
Sodium carbonate is the salt of a 
strong acid and weak base 















less than 3 electrons 
more than 3 electrons 
strong acid and strong base 
weak acid and weak base 
40. E and F are aqueous solutions of two salts which have no effect on both red and blue 






NH4CI and NaNOs 
CaS04 and KNO3 







NaCl and K2SO4 




42. Limestone reacts with a dilute acid 'J' to fonn Calcium chloride and a gas 'G' that 
extinguishes a burning candle. The chemical reaction involved is 
a) CaCOs + HCl 
b) CaCOs + 2HC1 
c) CaCOj + 2HC1 
d) 2CaC03 + 4HC1 
-> CaCl + HCO3 
-> CaCl2 + H2O +• O2 
-> CaCh + CO2 + H2O 
-*- 2CaCl2 + 2H2O + 2O2 

















Magnesium oxide c) 
Calcium oxide d) 
Metals are generally hard except 
Calcium and Magnesium c) 
Sodium and Potassium d) 
gives pink colour in basic solution. 
Phenolphthalein c) 
Red litmus d) 
Sodium oxide 
Potassium oxide 
Aluminium and Barium 
Chromium and Titanium 
Methyl orange 
Blue litmus 
A non-metal B forms two oxides: BO and BO2. The oxide BO is neutral whereas the 
oxide BO2 is acidic in nature. The percentage of BO2 in atmospheric air is 0.03%. The 
correct chemical formulae for BO and BO2 are 
BO = S0 ; B02 = S02 c) BO = NO ; B02 = N02 
BO = PO ; BO2 = PO2 d) BO = CO ; BO2 = CO2 
Which of the following salts cannot be prepared by reacting a metal with a dilute acid? 
Copper (II) chloride c) Mapesium sulphate 






















Consider the following two chemical equations: 
I. G + CO2 — • CaCOa + H2O 
II. Mg + H • MgS04 + H2 
The chemical equation for the reaction between G and H would be 
Ca(0H)2 + H2SO4 • CaS04 + 2H2O 
CaOH + H2SO4 • CaHS04 + H2O 
CaOH + H2SO3 • CaHSOj + H2O 
Ca(0H)2 + H2SO3 • CaS03 + 2H2O 
5 ml of a solution of Sodium hydroxide is found to be completely neutralised by 4 ml of a 
solution of Hydrochloric acid. If we take 10 ml of the same solution of Sodium 







Four solutions W, X, Y and Z, when tested with universal indicator, turn orange, green, 







When a metal reacts with dilute Nitric acid, then Hydrogen gas is not evolved because 
dilute Nitric acid is a 
strong oxidising agent c) 
strong reducing agent d) 
The best conductor of heat and electricity is 
Aluminium c) 
Copper d) 
Which of the following reactions will not occur? 
CUSO4 + Fe -» FeS04 + Cu c) 
FeS04 + Zn -* ZnSO* + Fe d) 
weak oxidising agent 
weak reducing agent 
Silver 
Iron 
ZnS04 + Mg -^  MgS04 + ?n 
MgS04 + Cu ^ CUSO4 + Mg 
12 
54. Which one of the following is an antacid used for curing indigestion? 
a) Magnesium chloride c) Magnesium hydroxide 
b) Magnesium oxide d) Magnesium sulphate 
55. X and Y are the most abundant metal and non-metal respectively in the Earth's crust. X 
and Y combine to form a compound Z. The exact chemical formula for Z is 
a) AI2O3 c) CaO 
h) AlP d) Ca3P2 
56. Neutralisation reaction can be represented by 
a) H* + OH- • H2O 
b) 2H2 + O2 - • 2H2O 
c) 2H2O • 2H2 + O2 
d) H2O > H' + OH" 
57. Which pair of atoms would form an ionic compound? 
a) Calcium and Fluorine c) Boron and Aluminium 
h) Nitrogen and Oxygen d) Hydrogen and Helium 
58. Four solutions P, Q, R and S have pH values of 6.0,6.9, 7.0 and 7.1 respectively. Which 












brittle, good conductors, non-ductile c) 
malleable, good conductors, ductile d) 
P 
Q 
brittle, poor conductors, non-ductile 
malleable, poor conductors, ductile 
The pH values of six solutions A, B, C, D, E and F are 5 ,1 ,13,3, 9 and 11 respectively. 
The arrangement of these solutions in the decreasing order of their acidic strength is 
B > D > A > C > F > E 
C > F > E > A > B > D 
c) B > D > A > E > F > C 
d) C > F > E > A > D > B 
13 
61. The constituents ofbaking powder are 
a) NaHCOs and Oxalic acid ^ c) NaHCOa and Tartaric acid 
b) Na2C03 and Citric acid d) NazCOS and Acetic acid 
62. An element E has a valency of 4. What will be the formula of sulphide of E? 
a) E2S4 c) E4S2 
b) ES2 d) E2S 
63. Which one of the following elements has stable electronic configuration? 
a) $He c) ^n 
b) II? d) l^a 
64. An element reacts with Oxygen to give a compound with a high melting point. This 
compound is also soluble in water. The element is likely to be 
a) Calcium c) Silicon 
b) Carbon (^ Iron 
65. Which of the following has the same electronic configuration as a Chloride ion, Cf ? 
a) Sodium ion, Na+ c) Bromide ion, Br~ 
b) Argon atom, Ar d) Phosphorus atom, P 
66. Zinc oxide is an example of 
a) acidic oxides c) amphoteric oxides 
b) basic oxides d) neutral oxides 
67. A fermer has found that the soil in his field is highly acidic. The chemical which he can 
mix with the soil to adjust its pH is 
a) Lithium hydroxide c) Potassium hydroxide 
b) Sodium hydroxide d) Calcium hydroxide 
68. Which one of the following will not conduct electricity? 
a) NaCl c) MgCb 
b) AICI3 d) ecu 
14 
69. Ammonium hydroxide is a 
a) strong acid ^ c) weak acid 
b) strong base d) weak base 
70. foil is used for packing chocolates. 
a) Aluminium c) Copper 
b) Silver d) Magnesium 
71. Aluminium oxide reacts with Sodium hydroxide to form salt S and water. The 
chemical formula for S is 
a) NaAlO c) NaA102 
b) NazAlO d) NajAIOa 
72. Which one of the following is most reactive in nature? 
a) b) c) d) 
15 
APPENDIX G 
Computer Assisted Instruction Attitude Scale (CAIAS Scale) 
Directions: Kindly indicate your opinion about each statement by putting a tick ma k (-^) in 
one of the five columns against the given statements that best represem your 
beliefs. Your response will remain confidential and will be used foi- itseaich 
work only. Your cooperation is greatly appreciated. 




Roll No. Date: 
Statements 
1. Colourful animations make the 
difficult topics easier for me to 
understand. 
2. CAI software has improved my 
ability to solve problems. 
3. Using CAI helps me to become 
an independent learner. 
4. Graphics and animation are well-
integrated with the course 
contents. 
5. As soon as I start using CAI, I get 
totally immersed in it. 
6. Educational videos help me to 
grasp the concepts covered in the 
experimental activities. 
7. A variety of exercises in CAI 
program allows me to master a 
given topic. 
8. CAI software allows me to revise 
a topic as many times as I wish. 
9. What I study in CAI helps me to 
relate theory with experiments. 




Agree Undecided Disagrc Stroiigl\ 
Disagree 
11. It's amazing to perform 
experiments using computer 
without actually going to the 
science laboratory. 
12. It's more than a fun to solve 
questions provided in CAI. 
13. While using a computer in 
science class, the teacher decides 
the best way for me to proceed to 
the next topic. 
14. CAI software makes the subject 
matter more informative than 
textbook. 
15. Using computers help me 
concentrate and stay focused on 
science topics. 
16. CAI tutorial presents subject 
matter in an interesting way. 
17. Suggestions given after wrong 
answers allow me to learn 
continuously from my mistakes. 
18. Using computers in learning 
science is like having my own 
personal tutor guiding me. 
19. Science is more interesting to 
learn when CAI is integrated with 
regular teaching. 
20. CAI software motivates me to 
study more. 
21. Subject matter is sequentially 
arranged as per the syllabus. 
22. Immediate confirmation of the 
answers guides me through the 
learning process. 
23. CAI tutorial enables my science 
teacher to present concepts in a 
dynamic way. 
24. I learn science better when CAI is 
regularly used in the classroom. 
25. I would like to learn every subject 
with CAI programs. 
26. CAI program gives me a visual 
way to explore concepts in a far 
more meaningful way. 
27. Interactive quiz provides a 
pleasant break from regular class 
tests. 
28. I would like every subject teacher 
to use CAI software in the 
classroom. 
29. CAI program enhances the 
regular teaching of science. 
30. Multimedia CAI allows me to 
observe concepts that would be 
impossible to see otherwise. 
-]— 
APPENDIX H 
Computer Assisted Instruction Environment Scale (CAIES Scale) 
Directions: Kindly indicate your opinion about each statement by putting a tick mai k (> )^ in 
one of the five columns against the given statements that best represeni your 
beliefs. Your response will remain confidential and will be used for research 
work only. Your cooperation is greatly appreciated. 




































Eager to Study 
Success 
Liking the Course 
Anxiety 
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Improving Teaching and Learning of Physical Science 
through Computer Simulations at Secondary School 
level in India: The Need of the Hour 
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ABSTRACT 
A number of research studies have reported about the effectiveness of computer simulations 
for supporting Science teaching and learning during the past four decades. The purpose of this 
article is to explain the concept of computer simulations and highlight their impact on Physical 
Science teaching and learning, with the goal of summarizing what is currently known in international 
scenario and providing guidelines to Indian schools for making use of computer simulations in 
Science instruction. This article also suggests that simulations can be as effective, and in many 
ways more effective, than traditional (i.e. lecture-based, textbook-based and/or physical hands-
on) instructional practices in promoting science content knowledge, developing process skills, 
and facilitating conceptual change. As with any other educational tool, the effectiveness of computer 
simulations is dependent upon the ways in which they are used. Thus, a number of guidelines are 
provided for ensuring successful simulation-based instruction in Science. In this article, an attempt 
is also being made to identify and suggest the high quality simulations available on internet for 
secondary school Physical Science curriculum prescribed by National Council of Educational 
Research and Training (NCERT, 2006), in order to make Science education in Indian secondary 
schools more versatile and goal-oriented. 
Keywords: Computer simulations. Physical Science, Traditional instruction, Simulation-based 
instruction 
INTRODUCTION 
Education is an important part of today's society. Now-a-days, in many countries, societies 
seem to show a change from industrial society to information society. One of the results of these 
changes is mainly based on the using computers in every aspect of our lives. Moreover, As digital 
technologies become increasingly pervasive features of our society and as students become ever 
more tech-sawy, there has been increased pressure to bring educational technologies into classrooms. 
Technology advocates have claimed that computer technologies can transform learning by providing 
increased access to information, offering teachers and students opportunities to collaborate with 
peers and experts, express and communicate ideas, and explore topics in ways that would otherwise 
be difficult in a classroom context (Schacter, 1999; Sivin-Kachala and Bialo, 2000; Songer, 2007). In 
India, education has been challenged with the promise of educating all children. Fulfilling this promise 
may require more innovative use of computers. In fact, computers have been used in teaching and 
learning for several years. Teachers have been using them for many purposes beyond word processing. 
Although the use of computer technologies in the schools is still debated among scholars {such as 
Cuban, 2001) computers can play important roles in the classroom and laboratory Science instruction 
{Lazarowitz and Huppert, 1993). Technologies that support content-based instruction, which are 
student-centered, inquiry-based, and make scientific views more accessible have the most potential 
to make a positive difference in Science teaching and learning (Sivin-Kachala and Bialo, 2000). 
Computer simulations, which we define as computer generated, dynamic models of the real world 
and its processes, meet these criteria. They present theoretical or simplified models of real-world 
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components, phenomena, or processes. Examples include animations, visualizations, and interactive 
laboratories; a wide variety Is freely and commercially available on the Internet and in conjunction 
with textbooks and other print and digital curricular materials. 
The main objeotivee of this article are to explore the concept of computer simulations and their 
features; review the use of computer simulations in Science education and highlight their impact on 
Sdence teaching and learning; provide guidelines to curriculum planners, instructional designers 
and secondary school Science teachers in India for ensuring simulation-based Instmction in Science; 
and identify and suggest the best simulations available on internet for secondary school Science 
cunleulum prescribed by National Council of Educational Research and Training(NCERT, 2006), in 
order to make Science education in Indian secondary schools more versatile and goal-oriented. 
COMPUTER SIMULATIONS 
Broadly defined, computer simulations are computer-generated dynamic models that present 
theoretical or simplified models of real-world components, phenomena, or processes. They can 
include animations, visualizations, and interactive laboratory experiences. Simulations are 
computational models of real or hypothesized situattons or natural phenomena that allow users to 
exptore the implications of manipulating or modifying parameters within them (Clark et al., 2009) 
Ptass, Homer, aiKJ Hayward (2009) propose that a simulation differs from a static visualization (e.g.. 
a diagram In a textbook) because It is dynamic, and differs from a dynamic visualization (an animation) 
because it allows user Interaction. Other experts, however, use the term "visualization" to refer to a 
simulation that allows interactivity. For example, lltnn and colleagues (2010) define visualizations as 
'interactive, computer-based animatioru (such as models, simulations, and virtual experiments) of 
scientific phenomena." Alessl and Trollip (2001) define simulations as a representation of 'some 
phenomenon or activity that users leam about through interaction with the simulation' (p. 213). 
In a simulated environment, time changes can be sped up or slowed down; abstract concepts 
can be made concrete and tacit Itieha^ n'ours visible. Teachers can focus students' attention on learning 
objectives when real-world environments are simplified, causality of events is clearly explained, and 
unnecessary cognitive tasks are reduced through a simulation. Simulations allow users to observe 
and interact with representations of processes that would otherwise be invisible. These features 
make simulatkins valuable for understanding and pre<ficttng the behaviour of a variety of phenomena, 
ranging from flnandaf markets to papulation growth and food production. Scientists routinely develop 
and apply simulations to model and understand natural phenomena across a wide range of scales, 
from subatomic to planetary (National Research Council, 2011, p. 9). 
THE NEED OP USING SIMULATIONS IN SCIENCE EDUCATION 
According to Geban, Askar, and dzcan (1992), computers can be used in science education as 
teaching devices. Computers have several capacities to enhance science education. Traditionally, 
computers are being used In scientific Investigations for collecting data, searching literature, planning 
experiments, and analyzing data. These functions are very common in many science latx>ratories 
However, simulations are important for formulating and, improving the conceptual models that sdentists 
and science teachers use in their practice and teaching. Also, there are several reasons to use 
computer simulation In sdence dassrooms. As Hilbish and Goodwin (1994) stated: 
"Computer sImulaUons, unlike artifi<^aJ examples, are r\ot limited to real time but may be 
used to simulate selection over hundreds or thousands of generations. The advantage of 
teaching with arlMdal exa/np/es Is that they illustrate the basic concept of natural selection 
and are often Inexpensive. Computer simulatlorta are valuable because they allow students 
to explore the factors affecting natural selection. Neither of them, hovi/ever, is a real example 
of natural selection. Both show what could happen, not what is happening In the world 
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simulation used in dissections can be used by students several times and give an Immediate 
feedback to student." 
In science laboratories, everyday there are some risks that students encounter because of 
hazardous substances. Also, same of lab experiments are expensive and too much time consuming 
for classroom use. In this case, very high quality computer simulations can reduce these rislcs. 
Furthermore, Friedler, Merin and Tamir (1992) some otetacles for biology laboratory experiments as 
the following: 
1. Every year it becomes increasingly difficult to identify novel experiments. 
2. Time constraints do not permit the use of replications and the free manipulation of variables. 
3. There are often constrains within the school laboratory, such as limited equipment, cost of 
materials, and handing living organisms. 
Integrating computerized simulations can solve these problems in Sdence classrooms or labs. 
Moreover, Lewis, Stern, and Linn (1993) studied for computer simulations used to teach 
thermodynamics in physics courses and their reasons conducting the research were the same as 
mentioned above. Another point is that many reports in education show the effectiveness of using 
computer simulations in Science education (Faryniarz and Lockwood, 1992) and their findings about 
computer simulations are: 
'Simulations can help to improve Science process sfdils In the following ways: (a) eiqiand 
the basis of inference through accession of larger data bases, (b) acHvale learning, hjnHsh 
situations and techniques that are too dangerous, are too expensive, are otherwise 
unavailable, require too much or too little time to measure manually, are too noisy or 
usually frustration due to complicate techniques'. 
EFFECTIVENESS OF USING COMPUTER SIMULATIONS IN SCIENCE EDUCATION 
Simulations have a number of features that are of particular help In the teaching of Science 
(Wellington, 2004). Simulations can help where the activities cannot be perfonned In the sdwol 
laboratory because of the danger involved or ethical considerations of animal testing; they can help 
In reducing the cost of expensive laboratory experiments; It Is also possible that some time consuming 
experiments can be performed more quickly using a simulation (although It is possible to spend 
considerable time exploring all the possibilities offered by a well-designed simulation); and they free 
up teacher time so that they can interact with students instead of dealing with the management of 
the experimental setup/apparatus and supervision. More Importantly dmulafions offer an easy way 
of controlling experimental variables, opening up the possibility of exploration and hypothesizing. An 
additional advantage of simulations Is presenting a variety of representational formats Including 
diagrams, graphics, animations, sound and video that can facilitate understanding (AInsworth and 
van Labeke, 2002). 
A number of Science educators suggest that computer simulations offer considerable potential 
for the enhancement of the teaching of Science concepts via, for example, enabling students to 
modify rules and variables to explore the Science of a model, to question and test hypotheses 
(Enyedy and Goldberg, 2004); offering simultaneous representations of the real and theoretical 
behaviours of a system (McFariane and Sakellariou, 2002); and supporting activities ttiat would 
actively engage the learner and also offer visualization of choices and consequent effects (Rogers, 
2004). Laurillard (2001) argues that The [student] actions are Inputs to a model, so the sftnutation Is 
allowing the student to have a direct experience of the (simulated) wortd; it is not operating at the 
level of descriptions of experience; it offers direct experience, albeit simulated* (p. 128). She comments 
that simulations are classified under adaptive media as these have potential to provide intrinsic 
feedback (i.e. internal to the action, such as the visual trajectory of a ball kicked towards a goal) in 
response to their actions. Then they can use the Intrinsic feedback to improve their perfbmianoe and 
the experience is similar to a real-worid one. 
Students come to a learning setting with a set of beliefs and understandings about physical 
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phenomeneu They bring prior knowledge to the teaching/learning setting and this in turn influences 
the leamirtg of related concepts (Driver et al., 1994; Fensham et al.. 1994), In their review of the 
assodated literature, Wandersee et al. (1994) reported that students harbour a wide variety of 
alternative conceptions about objects and phenomena when they enter formal learning in Sdence. 
These altemative conceptions (also called prior conceptions, misconceptions or informal theories) 
are generally incompatible with accepted scientific knowledge. It has been extensively demonstrated 
that the convenUonal instruction does not succeed reliably in helping students to change their 
altemative conceptions (Fumham, 1992). Computer-based simulations, on tiie other hand, are poweHul 
environm^ts tiiat imitate the real wortd aiKi have potw t^ial to help learners to understand scientific 
concepts (de Jong and van Jooilngen, 1998; WindschitI andAndre, 1998; Jlmoyiannis and Komis. 
2001; Hannessy, 2006). There are many examples of studies that have used simulations to change 
the prior conceptions of learners including: simple DC circuits in electrics (Carisen and Andre, 1992; 
Nurmi and Jaakkota. 2004); motion (Hennessy et al., 1995); elastic collisions (Whitelock et al., 
1993); mechanics (Tao and Gunstone, 1999); trt^ ectory motion (Jlmoyiannis and Komis, 2001); and 
velodty (Zietman and Hewson, 1986). 
Computer simulations provide many advantages to support calls for inquiry-based, learner- and 
knowledge<entered instruction (National Research Council, 1996). For example, simulations offer 
the advantage of flexibility, promoting sbJdents' active engagement in problem-solving and higher-
order thiNung and reinforced practice (Berlin andWhite, 1986; Hargrave and Kenton. 2000; Lee, 
1999).Thu8, computer simulations have tfie potential to make instruction more interactive and authentic 
and make ieeuning abstract concepts more concrete (ftemasundarm, Gninwald, Mangeot, Comeriord, 
and Bliss. 2005). They allow students to confront their own beliefs by working with and receiving 
immediate feedback about original and/or real data and making personalized problem-solving decisions 
(Hargrave and Kenton. 2000; Lee. 1999; Rose and Meyer, 2002). This high degree of openness 
provides students ^th significant ownersNp of the learning process. Teachers can use simulations 
to cater to differences among learners, m^rtg decisions abouf; the appropriate guidance and 
scaffolding needed (Hertderson. Eshet, and Klemes, 2000). Rnally, computer simulations offer the 
opportunity to re-create aspects of Uie real world that would otiienMise be too complex, time-consuming, 
or dangerous to do in a conventional dassroom setting. In a simulated environment, time changes 
can be speeded up or slowed down; abstiact concepts can be made concrete and tadt processes 
made visible. Teachers can focus students' attention on learning objectives when real-world 
environments are simplified, causality of events is deariy explained, and extraneous cognitive load 
are reduced through the simulation (de Jong and van Joolingen, 1998). 
Conputer simulated instiruction gives students the opportunity to observe a real worid experience 
and interact wiUi H. In Science dassrooms, simdation can play an important role in creating virtual 
experiments and inquiry. Prot>lem based simulations allow students to monitor experiments, test 
new models and improve their intuitive understanding of complex phenomena (Alessi and Trollip, 
1991). Simulations are also potentially useful for simulating labs that are impractical, expensive, 
impossible, or too dangerous to run (Sti-aussand Kinzie, 1994). Simulations can contribute to conceptual 
change (V\Andschiti. 199S);,provide open-ended experiences for students (Sadler et al. 1999); provide 
tods for scientific inquiry (Mintz, 1993; White and Frederiksen, 2000; Windschiti, 2000; Dwyer and 
Lopez, 2001) and problem sohring experiences (Woodward et al., 1986; Howse, 1998). 
An appropriate way for sbnulations in Sderxse education is to use tiiem as a supplementary 
material (McKinney, 1997). Kennepohl (2001) examined tiie benefits of computer simulations in a 
first-year general chemistry course. He found that ttie combination of simulations and laboratory 
offers advantages in time so that ttie laboratory portion can be reduced in length and students using 
the simulations have aslighfly better knowledge of tiie practical aspects directiy related to laboratory 
work. On the otiier hand, in some situations simulations are tiie only tods to use tike experimenting 
for dangerous or long-temi situations. According to Mintz (1993), one of Uie most promising computer 
applications in Sdence instruction is the use of simulations for teaching material, which cannot be 
JOURNAL OF EDUCAtlONAL TECHNOLOGY AND RESEARCH. VOL I, NO. I 175 
taught by conventional laboratory experimentation But can a simulation be as effective as a 
conventional laboratory or replace It? The answer woukJ be tftat It depends on the ooncspt or flie 
situation. For example, Choi arxl Gsmuro (1887) compared tfie effoctiveiness of eomputer-^ulated 
experiences with hands^n laboratory experiences for teaching the concept of voiumd dl^acement 
of junior high school students. They found that computer simutatsd ejqMriencea were as effedive as 
hands-on laboratory experiences. This suggest that it may be possible to i»e « computer-sinuiiated 
experiment in place of a laboratory experienlce in the teaching cf some concepts such as the volume 
displacement and obtain comparable results. This may suggest that computer simulations may be 
used to replace those laboratory actMfos that require cognitive interactions with the content rather 
than psychomotor interactions so that they not require much physical (e.g., taste, smell, touch) 
Interactions. 
Simulations can activate Science process sicilts of students, which are the basic sidils for 
scientific inquiry (Roth and Roychoudhury, 1993). These skills are classified In two main groups: 
basic Science process sidlls and Integrated Science process sidlts. Padilla (1990) listed basic 
Science process sicills as observing, inferring, measuring, communicating, classifying, and 
predicting. He listed integrated Science process skills as controlling variables, defining 
operationally, formulating h)^otheses, interprefing data, experimenting, aru) foimulating models. 
Lazarowitz and Huppert (1993) examined computer simulations In promoting Scienoe process skills 
of 10th grade biology. Their findings indicated that computer stmulatipn can enable students to 
use the skills of graph communication, interpreting data, and con^ii^ng variaUes In irimulated 
experiments, and helped them master tiiess skills. MTntz (1i9d3) eidunfned computer simulations 
as an inquiry tool. Inquiry Is fundamental for Science learning {National Science Education 
Standards, 1996). Inquiry procedure included positing hypotheses, conducting experiments, 
observing and recording data, drawing conclusions. T h ^ conduded that computer simulation can 
expand and improve classroom woric. According to their findings, simulations as an inquiry tool 
improve motivation and interest. 
GUIDELINES FOR EFFECTIVE USE O F COMPUTER SIMULATIONS IN SCIENCE 
INSTRUCTION 
Effective uses of computer simulations in the Science classroom are abundartt and as varied 
as the teachers who use them. As teachers respond to increased access to digital technofogies 
such as interactive whiteboards, more and more creative uses of simulations appear. However, 
students can benefit from simulations even with a basic classroom setup of a single teacher computer 
connected to a projector. In order to maximize the potential of computer simulations to enhance 
meaningful Science learning, tine following guidelines can be proposed: 
1. When planning for Instruction u^ng simulations, a teacher should ask himself/herself: 
"How can this simulation be used to extend what 1 am doing in the classroom?' "Wiat can 
I do with this simulation that I wouki not ottierwise be able to do?' 'Can using this simulation 
give me more time to spend on something else?' IrttegrMlng simulatkxts into ^ e cunlctium 
also ensures that connecttons to domain knowledge and reat>iwor1d applications are made 
explicit As with any instrucHonal technofogy, cwnputer simulations should be chosen to 
meet your objectives and teach the content (Flidc and Bell, 2000). 
2. Computer simulations should be used In conjunctfdn with hands-on late and activities that 
also address tfie concepts targeted by tiw simulation. When preoodlng a hands-on ac8»«y, 
a simulation may familiarize students with a concept under a focused environment For 
example, chemistry students might become familiar witti titration virtually using a IJtratidn 
simulator before doing a hands-on titratbn [ab. Whan an interacUve simuiatton Is used as a 
follow-up, students can continue Investigations of questions and manipulations of variables 
that would othenArise be impossitile under tiie constraints of tfie lab equipment or class 
schedule. For example, after gaining a baste understanding of the Doppler effect ttirough 
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real-life examples, a Doppler simulation allows students to visualize the movement of 
sound waves. 
3. The instructional setting and sequence in which computer simulations are used atiect 
student learning. The use of computer simulations In various sequences depends on the 
instnictlonal goal. Simulations should be used prior to hands-on explorations when the 
Instructional goal is to develop or improve Science process skills. For Instance, simulations 
cto^gned to teach and practice dissection lab skills or more general process sMlls such as 
stating problems and hj^ >otheses and designing experiments are appropriate as introductory 
learning activities. Yi9t, when the instructional goal Is to promote conceptual understanding, 
then computer simulations should folk>w hands-on exploration. 
4. Lessons InvoMng computer simulations shotrid remain student-centered and Inquiry-tsased 
to ensure that learning is focused on meaningful understandings, not rote memorization 
By exposing con^ilex concepts and abstract phenomena, computer simulations ofler the 
opportunity to engage students in higher-level thinking and challenge them to struggle with 
new ideas. 
5. Depending on your instructional objectives and classroom arrangement, the stident 
groupings and computer setups will vary. When students work with simulations Individually 
or in small groups, discussion and collaboration among teachers and peers should be 
fostered. Regardless of the Implementtitlon you choose, students should t>e prompted to 
form and test tiielr own hypotheses and lu^^ their decisions. By encouraging reflection 
on tiwir actions and dedsion-makir^, you can help expose student misconceptions, allowing 
for conceptual change and development. Students can then begin to monitor and take 
respondt^ Hty for their own learning. 
6. When simulations are teacher led, students should be actively engaged through questioning, 
prediction generation and testing, and conclusion drawing. Connections made to their own 
lives make the teaming more authentic and meaningful. 
7. The teacher should point out the timitations of simulations. Although it is necessary for 
students to accept the simulated environment as an Intelligible and plausible representation 
of reality; it is also critical that students realize the differences between the simulation and 
reality. Without understanding a model's limitations, students may form misconceptions. 
This distf notion Is particularty Important when dealing with submicroscopic objects or invisible 
phenomena. For instance, it Is Important to stress that protons, neutrons, and electrons are 
rwt acbially blue, green and red as they may l>e depicted in a simulated model of the atom. 
8. Although some simulations are extremely user friendly and self-explanatory, others require 
a good deal of time to become familiar w t^h. If studente are to be using them on their own, 
they must understand how they operate. The teacher should familiarize his/her students 
with all the features of a simulation, discuss its limitations, model its use, and provide 
access to any additional domain krwwledge and tools that might facilitate their work 
EXAMPLES OF SIMULATIONS FOR SECONDARY SCHOOL PHYSICAL SCIENCE 
SYLLABUS PRESCRIBED BY NCERT, 2006 
In the year 2006, the curriculum was reframed and the use of ICT for Science education was 
emphasized into the core curriculum. As a result, a number of secondary schools in India are equipped 
with computers, but unfortunately Ihey are used mostly for learning only the basic ICT skills. The 
lack of good quality educational software and laboratory equipment, as well as the low level of 
teachers' competencies in the effective use al ICT, has resulted in no improvement in the quality of 
science educatfon In in(flan sdKtols. Here, we have made an attonpt to Identify a number of high 
quality and freely downloadable computer simulations available on internet which are c i^te sulttible 
for Improving teadiing and learning of Physical Sdenoe at secondary school level in India. Some of 
fi«Bm are mentioned as follows: 
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1. Learning Science 
www.ieamlngsdencs.org/lndex.htm 
H is a vast collection of anmations, simulations, and web<4>ased reaourees for att Mbiect areas 
in Science. 
2. intemet4c iassrooms 
http://www.internet4classrooms.com 
It is a store house of a number of simulations and other interactive study materials for afl 
branches of Science. 
3. Rutfierford Experiment 
http://mlcro.magnet.fsu.edu/electromag/)ava/rutherford 
This site Includes the classic Rutherford expetimant, which simulates the dlffracfion of alpha 
particles (helium nuclei containing two posifive charges) by a thin loll made of gold metal. Students 
can control the slit width of the lead block and iotjsene tvhat happens to the stream (ApuMm. The 
results lead students to consider the possibility that most of an atom Is empty space, with the 
exception of the dense positively chargied nucleus. 
4. Rutherford Gold Foil Experiment 
http://mvhs1.mbhs.edu/m>^proj/rutherford/rutherford.htmt 
By varying the position of the bombarded nucleus and the energy of ttte particles, students 
simulate the original Rutherford gold foil experfmenl , 
5. Atom Builder 
http://www.pb8.org/wgbh/aso/tryit/atom 
Students can constnict a carbon i^om >^rough this sbnutation, They jMi^ t witti a hydrogen 
atom, which contains one proton and one etecOtm. All they must do Is to add protons, neutrons, and 
electrons. 
6. Electrons in Energy Levels 
http://www.chemicalelements.com 
This simulation is an interactive periodic table of the elements. The /^mle Structure section 
shows the number of electrons In each energy level for each of the elements. 
7. Visual Elements 
www.chemsoc.org/viselements 
It is a visual representation of the periodic table. 
8. Periodic Table 3D 
http://www.webelements.com 
This periodic table includes types of compounds fonned by each element ahd opportunities for 
students to ej^ore and compare Oi'e yarietif of types of compounds arid OwHr IfveeHfiftienslonal 
molecular i^ructure. - i -
9. Periodic Table React ibns 
http://www.chemicool.com 
This periodic table has a description of each element and a Reactions section, whidi shows 
reactivity with specific adds and bases and the products ttiat result from the reactions. 
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10. Chemical Data 
http://www.chemsoc.org/viselements 
This visual periodic table has a timeline that provides a history ot chemical discoveries 'rom 
the late 1700s to the present. 
11 . Sodium and Chlorine Reaction 
http:y/visJonleamlng.com/llbrary/module_.viewer.php7c33andmids5S 
This module shows a simulation of sodium reacting v^th chlorine. There is also a simulation ot 
covalent bondir^ between hydrogen atoms to form diatomic hydrogen. In addition to the simulations 
s&dents can see diagrams of sodium dilorine crystals and Lewis dot structures for the first 10 
elements In the periodic table. 
12. ChemBalancer 
http://funbasedlearning.com/chemi8try/chembalancer/default.htm 
It is a simulation program for balancing chemical equations. 
13. Virtual Chemistry U b 
www.chamcollective.org/vlah/vlab.php 
It Is a fully stocked virtual chemistry tab. 
14. Physics Education Technology 
www.colorado.edu/physic8/phet/web-pagea/lndex.html 
It is a collection of interactive simulations of physical phenomena. 
15. Virtual Optics Bench 
hfttp7/webphysics.da>^dson.edu/Applets/optics4/default.html 
www.hazetwood.k12.mo.us/-grichert/optics/intro.html 
It is a Java applet that gives instruction using ray diagrams and provides access to concava 
and convex lenses and mirrors, point light sounces, culminated light sources, and objects tor showing 
real and virtual images with the tikM. of a mouse. In this dynamic environment, students are able to 
visualize and Investigate the effect of changing parameters, such as the focal length of a lens cr 
the location of a light source. 
16. OhmZone 
www.article19.com/shockwave/oz.htm 
It is a virtual circuit board. 
CONCLUSION 
Computer simulations play important roles in the classroom and laboratory Science instruction 
They can be used with instrucUva or constnictive pedagogy. Computer simulations give students the 
opportunity to observe a real worid experience and interact with i t They are potentially useful tot 
simulating labs ttiat are impractical, ocpenslve, impossible, or too dangerous to run. Simulations can 
contribute to conceptual dttnge, provide open-«ndad experiences, and provide tools for scientific 
ftKipiiry and problem solving. The Hterabire implied tttat computer simulattons are good supplementary 
tools for classroom instruction and Science laboratories. Multimedia supported, highly interactive, 
and collaborative computer simulations offer inquiry environments and cognitive tools to enhance 
teaming and apply problem solving skills. They are good tools to Improve students' hypothesis 
construction, graphic interpretation and prediction sidils. The litemture suggests that the success of 
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computer simulations use In Science education depends on how they incorporated into curriculum 
and how teacher use it. 
Computer simulations have the potential to enhance the way teachers teach and their students 
learn. They allow you to bring even the most abstract concepts to life for their stOdents and incorporate 
otherwise impossible or impractical experiences into their daily instruction. When used in conjunction 
with the guidelines presented here, their students will be engaged in inquiry, further develop their 
knowledge and conceptual understanding of the content, gain meaningful practice with scientific 
process skills, an,d confront their misconceptions. Additionally, they will gain scientific habits-of-
mlnd (such as the ability to visualize, contemplate, and explain complex concepts and phenomena) 
that are both encouraged in the recent refonn documents and necessary for future careers in Science. 
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Abstract 
This study investigated the effects of traditional instruction, teacher-centcied 
computer assisted instruction (CAI) and student-centered computer assisted instruction on 
secondary school students' achievement in Physical Science. A total of 120 tenth-grade 
secondary school students participated in this randomized pretest-posttest control group 
experimental study. These students were randomly divided into three groups, namely, comrol 
group (n = 40), Teacher-centered CAI experimental group (n = 40) and Student-centered C AI 
experimental group (n = 40). During a period of 5 weeks, control group was taught by 
traditional instruction, whereas Teacher-centered CAI and Student-centered (AJ 
experimental groups were subjected to teacher-centered CAI and student-centered C Al 
methods respectively. An analysis of covariance on the Physical Science Achievement Test 
posttest scores with students' pretest scores as the covariate showed that the teacher-centered 
CAI approach was more effective in enhancing the students' achievement in Physical Science 
than traditional instruction and student-centered CAI method. It is, therefore, suggested 
teacher-centered CAI method is a good alternative for teaching Physical Science at secondary 
school level in India. 
Keywords: Traditional instruction, teacher-centered computer assisted instruction, student-
centered computer assisted instruction, secondary school students, physical science 
Introduction 
A growing body of research is beginning to illuminate how people learn science and 
how best to support that learning (National Research Council, 2005, 2007). This research 
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indicates that developing proficiency in science is much more than knowing facts. Students 
need to learn how facts and ideas are related to each other within conceptual frameworks. 
Although good teaching can facilitate this process, developing conceptual understanding of 
science is difficult and takes time. Engaging students in the processes of science - including 
talk and argument, modeling and representation, and learning from investigations - aids 
development of proficiency. These science processes (often called a science inquiry) motivate 
students by fostering their natural curiosity about the world around them, encouraging them 
to persist through difficulty to master complex science concepts. New science teaching 
approaches that carefully integrate scientific processes with other forms of instruction and 
target clear learning goals have been shown to increase interest in science, enhance scientific 
reasoning, and increase mastery of the targeted concepts (National Research Council, 2005). 
Computer assisted instruction and its various modes such as computer simulations and games 
can support the new, inquiry-based approaches to science instruction, providing virtual 
laboratories or field learning experiences that overcome practical and logistical constraints to 
student investigations. They can allow learners to visualize, explore, and formulate scientific 
explanations for scientific phenomena that would otherwise be impossible to observe and 
manipulate. They can help learners mentally link abstract representations of a scientific 
phenomenon (for example, equations) with the invisible processes underlying the 
phenomenon and the learner's own observations (Linn et al., 2010). 
A number of meta-analysis studies have consistently demonstrated the effecfiveness 
of CAl in the mainstream classroom (Bangert-Drowns et al., 1985, Kulik and Kulik, 1986, 
1991, Kulik & Kulik, 1987). Fletcherflinn and Gravatt (1995) showed a learning advantage 
for CAl with the mean effect size of 0.24 for studies in the years 1987-1992 and 0.33 for 
more recent studies. However, they also cautioned that only well designed CAl instruction 
and materials accounted for the typical learning benefits of CAl to students. Christmann et al. 
(1997) reported a meta-analysis, comparing traditional instruction versus traditional 
instruction supplemented with CAl effects on the academic achievement of sixth graders 
through to twelfth graders across eight curricular areas. Again, higher academic achievement 
among students receiving traditional instruction supplemented with CAl was found with an 
overall mean effect size of 0.209 reported. Effect sizes were larger for science (0.639). 
Despite constant support for implementing CAl in the secondary schools, 
confounding research findings on the comparative efficacy of CAl versus traditional 
instruction are present in the science education literature. Some studies report that students' 
learning outcomes favor the CAl over those strategies reflected in the traditional science 
137 
ruropt'aii ScienSiftc Journal ;\pril 201^1 editiosi vol.9. No. 10 ISSK:(8;^~ 7KS ; i i'ri.r,; • ; / • . . 
classrooms (Chang, 2000, 2001; Davis, Storch, & Strawser, 1987; Ferguson & Chapman. 
1993; Gardner, Simmons, & Simpson, 1992; Hughes, 1974; Levine, 1994; Lu, Voss. & 
Kleinsmith, 1997; Whiting, 1985; Yalcinalp, Geban, & Ozkan, 1995). Conversely, a nuinber 
of studies report that the CAI approach has no significant effects on achievement in science 
(Morrell, 1992; Olugbemiro, 1991; Summerlin & Gardner, 1973; Wainwright, 1989). 
Furthermore, while a number of previous studies and meta-analyses have primarily 
focused on the comparative efficacy of computer assisted instruction versus traditional 
instruction in the area of science education, there are relatively few studies (Chang, 2002. 
2003, 2005) exploring how various teaching formats of CAI (namely, Teacher-centered CM 
and Student-centered CAI) influence students' science learning outcomes at the secondary 
school level. The authors are not aware of any studies that have been done in India to 
determine the effects of using different teaching formats of CAI on students' achievement in 
Physical Science. Therefore, this study was undertaken to compare the effects of teacher-
centered CAI and student-centered CAI with traditional instruction on secondary school 
students' achievement in Physical Science. Therefore, this study took further steps and 
attempted to evaluate the impact of different computer-assisted teaching formats on studenis" 
science learning with the aims at improving science instruction at the secondary school level 
in India. 
Purpose of the Study 
The main purpose of this study was to investigate the comparative effects of 
traditional teaching, teacher-centered CAI and student-centered CAI on secondary scho(>l 
students' achievement in Physical Science. 
In order to suitably address the above mentioned purpose, the following aull 
hypotheses were formulated: 
Ho 1: There is no significant difference between the mean pretest and posttest 
Physical Science achievement scores for students in the control group. 
Ho 2: There is no significant difference between the mean pretest and posttest 
Physical Science achievement scores for students in the teacher-centered CAI experimental 
group. 
Ho 3: There is no significant difference between the mean pretest and postie.st 
Physical Science achievement scores for students in the student-centered CAI experimental 
group. 
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Ho 4: There is no significant difference between the mean posttest scores for students 
in the control group, teacher-centered CAI experimental group, and student-centered CAI 
experimental group, after controlling for the effect of pretest scores. 
Method 
Participants 
The participants included 120 secondary school students enrolled in tenth-grade in a 
senior secondary school in Aligarh, Uttar Pradesh, India. These students were randomly 
divided into six sections of 20 students each. Each of the six sections was randomly assigned 
to either traditional teaching (two sections with a total of 40 students), teacher-centered CAI 
(two sections with a total of 40 students), or student-centered CAI (two sections with a total 
of 40 students). In other words, 2 sections, subjected to traditional instruction, were 
considered as Control group and the remaining 4 sections, subjected to CAI, were considered 
as experimental groups: 2 sections as Teacher-centered CAI experimental group and the 
remaining 2 sections as Student-centered CAI experimental group. The two teachers also 
participated in this study. Both of them held an equivalent Masters degree and had 6 years 
experience of teaching Physical Science at secondary school level. The three teaching 
approaches used were randomly assigned to these two teachers so that each teacher had three 
groups to teach. This was done to minimize teacher differences. 
Research Design 
In this study, a randomized pretest-posttest control group design (Campbell and 
Stanley, 1966) was used. This design permitted an investigation of the effectiveness of CAI 
on students' achievement in Physical Science. This experimental design can be represented 
as: 
Pretest Treatment Posttest 
CG T Xa T 
TCCAl T Xb T 
SCCAl T Xc T 
Where, CG represents the control group, using the traditional teaching approach (Xa); 
TCCAI represents Experimental Group 1, using the Teacher-centered CAI approach (Xb); 
and SCCAI represents Experimental Group 2, using the Student-centered CAI approach (Xc). 
T represents the Physical Science Achievement Test. Physical Science Achievement Test was 
given as pre- and post-tests to students in all the three groups at the beginning and end of the 
treatment to measure students' achievement in Physical Science. 
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Measuring Instrument 
Students' achievement in Physical Science was measured using the Physical Science 
Achievement Test (PSAT) developed by the researcher. The instrument, containing 50 four-
option, multiple-choice questions, was developed by the researcher. Two chapters from the 
textbook Science for class X, published by NCERT, New Delhi, were selected for this study. 
The test was based on these two chapters: Light - Reflection and Refraction (Physics) and 
Metals and Nonmetals (Chemistry). The test was intended to determine the knowledge and 
comprehension levels of students related to the fundamental concepts, and their skils in 
recalling the relationships between concepts, and applying them to problems. Cronbachs 
alpha reliability coefficient of the test was 0.92. 
Software and Instructional Methods 
Multimedia CAI software was prepared for the study by a computer expert m 
consultation with the authors using Microsoft PowerPoint, Flash and Adobe Photoshop 7.0. It 
included detailed study materials, figures, graphs, three-dimensional animations, and self-
assessment exercises to enrich the theoretical content knowledge. 
The control group was subjected to traditional teaching without any exposure to 
multimedia CAI software. This teaching approach emphasized direct lectures given by 
teachers, interactive discussions between the teacher and students, use of textbook materials. 
and clear explanation of important concepts to students, but no use of multimedia t"AI 
software was done. 
The teacher-centered CAI (TCCAI) scheme in the current study was a mixture ^f 
whole-class presentation, interactive discussions between the teacher and students, and 
classroom activities using the multimedia CAI software. The whole-class presentation vvas 
implemented using a combination of a laptop computer and a projector to display the contents 
of the multimedia CAI software on a large screen in front of a whole class. 
The student-centered CAI (SCCAI) approach stressed students' self-paced learning 
using the multimedia CAI software with their own individual computers (PCs) in a modern 
computer lab. In this approach, the teacher made use of mini lectures to introduce the ke> 
concepts about Physical Science and simply presented the contents in the beginning of a class 
period after which the students were left to work alone, with minimal interference from he 
teacher who was present only either to respond to the doubts and questions raised b> 
individual students or to provide support and guidance to those who asked for help. 
All the groups were subjected to their respective instructional method for 5 weeks. 
They attended six periods per week (4 hours per week). Each period was of 40 minutes 
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duration. Six periods were allotted to these groups for learning Physical Science; three 
periods each for Physics and Chemistry on alternate days of the week. All the groups 
followed the same instruction sequence and had the same learning objectives. Thus, care was 
taken to ensure that an appropriate comparison was attained among the three instructional 
approaches. 
Data Analysis 
The data from the Physical Science Achievement Test were analyzed using SPSS 
16.0. Means (M) and standard deviations (SD) were calculated. A paired t-test was used to 
determine if there was a statistically significant difference between the pre- and post-test 
achievement scores in Physical Science for each of the three groups. Analysis of Covariance 
(ANCOVA) was used to determine whether a significant difference between group means of 
achievement in Physical Science for the control and experimental groups when differences in 
pretest scores were controlled. An alpha level of 0.05 was used for all statistical tests. 
Results 
In order to evaluate the impact of the intervention on control group students' 
achievement in Physical Science, descriptive statistics were calculated first for their Pretest 
and Posttest scores on the Physical Science Achievement Test (PSAT). The Pretest and 
Posttest means and standard deviations for the control group have been reported in Table 1. 













Then, a paired-samples t test was conducted to determine if there was a significant 
difference between the mean Pretest and Posttest scores for the control group. The results in 
Table 2 indicated that there was a significant difference between the Pretest and Posttest 
scores, t (39) = -11.24, p < .05. The control group scored significantly greater on the Posttest 
(M = 36.95, SD = 8.04) than on the Pretest (M = 27.70, SD = 6.40). Therefore, the null 
hypothesis, that there is no significant difference between the mean Pretest and Posttest 
scores for students in the control group, was rejected. 
Table 2: Paired-Samples /-test for Control Group 



















Significant at .05 level 
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In order to evaluate the impact of the intervention on teacher-centered CM 
experimental group students' achievement in Physical Science, descriptive statistics were 
calculated first for their Pretest and Posttest scores on the Physical Science Achievement T est 
(PSAT). The Pretest and Posttest means and standard deviations for the teacher-centered C W 
experimental group have been reported in Table 3. 














Then, a paired-samples t test was conducted to determine if there was a significant 
difference between the mean Pretest and Posttest scores for the teacher-centered C \i 
experimental group. The results in Table 4 indicated that there was a significant difference 
between the Pretest and Posttest scores, t (67) = -18.75, p < .05. The teacher-centered C.Al 
experimental group scored significantly greater on the Posttest (M = 41.58, SD = 7.48) ihan 
on the Pretest (M = 25.68, SD = 7.31). Therefore, the null hypothesis, that there is no 
significant difference between the mean Pretest and Posttest scores for students in the 
teacher-centered CAI experimental group, was rejected. 
Table 4: Paired-Samples /-test for Teacher-centered CAI Experimental Group 




















* Significant at .05 level 
In order to evaluate the impact of the intervention on student-centered C A i 
experimental group students' achievement in Physical Science, descriptive statistics were 
calculated first for their Pretest and Posttest scores on the Physical Science Achievement Test 
(PSAT). The Pretest and Posttest means and standard deviations for the control group have 
been reported in Table 5. 














Then, a paired-samples t test was conducted to determine if there was a significant 
difference between the mean Pretest and Posttest scores for the student-centered CAI 
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experimental group. The results in Table 6 indicated that there was a significant difference 
between the Pretest and Posttest scores, t (67) = -17.23, p < .05. The student-centered CAl 
experimental group scored significantly greater on the Posttest (M = 39.25, SD = 8.63) than 
on the Pretest (M = 27.15, SD = 6.93). Therefore, the null hypothesis, that there is no 
significant difference between the mean Pretest and Posttest scores for students in the 
student-centered CAI experimental group, was rejected. 
Table 6: 
Pretest - Posttest 




















* Significant at .05 level 
In order to test hypothesis 4, a one-way analysis of covariance was conducted to 
evaluate the effects on secondary school students' achievement in Physical Science. The 
independent variable was an instructional method (traditional teaching, teacher-centered CAl, 
and student-centered CAI). The dependent variable was scores on the Physical Science 
Achievement Test (PSAT), administered following completion of the instructional period. 
Scores on the PSAT administered prior to the commencement of the instructional period were 
used as a covariate to control for individual differences. Preliminary checks were conducted 
to ensure that there was no violation of the assumptions of normality, linearity, homogeneity 
of variances, homogeneity of regression slopes, and reliable measurement of the covariate. 
The means and standard deviations for the pretest, posttest and adjusted posttest scores have 
been reported in Table 7. 







































































l-iiropean Scieii!i!lc Journal April 2013 edition vol,'). ^lo.lO ISSN: If,': 
Results in Table 8 show that the ANCOVA yielded a significant effect of the 
covariate, F (1, 119) = 187.27, p < .05, and a significant main effect of the instructional 
method, F (2, 119) = 16.62, p < .05, partial r\^ = .223; this latter effect accounted for 22.3 
percent of the total variance in Physical Science Achievement, after controlling for the efteci 
of Pretest scores. Since the results of ANCOVA indicate that there was a statistical!} 
significant difference for the adjusted Posttest means between the groups, therefore the null 
hypothesis stating that, there is no significant difference between the mean posttest scores "oi 
students in the control group, teacher-centered CAI experimental group, and student-centered 
CAI experimental group, was rejected. 
Follow-up analyses of the significant main effect of instructional method wtrc 
conducted to determine which instructional method was more effective. The follow-up tests 
consisted of all pairwise comparisons among the three types of instructional methods. For 
this, the Posttest means adjusted for initial differences were ordered as shown in Table 9. T le 
teacher-centered CAI group had the largest adjusted mean (M = 42.65), the student-centered 
CAI group had a smaller adjusted mean (M = 38.97), and the control group had the smallest 
adjusted mean (M = 36.16). Post hoc follow-up tests were conducted to evaluate pair-wise 
differences among the adjusted means for achievement in Physical Science. The Bonferroii 
procedure was used to control for Type I error across the three pairwise comparisons (a' = 
.05/3 = .0167). The results in Table 9 show that the adjusted Posttest mean for the teache-
centered CAI group differed significantly from both the student-centered CAI group and 
control group. Also, the adjusted Posttest mean for the student-centered CAI group differed 
significantly from the control group. Overall, the pairwise comparisons indicate superiority 
for the teacher-centered CAI method. 
Table 9: Pairwise Comparisons among the adjusted means for Achievement 



























* The mean difference is significant at .05 level, 
a. Adjustment for multiple comparisons: Bonferroni. 
Discussion 
The primary purpose of this study was to investigate the effects of traditional teaching 
and computer assisted instruction (Teacher-centered CAI and Student-centered CAI) on 
secondary school students' achievement in Physical Science. The results indicated that 
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computer assisted instruction had a better learning impact on students' achievement in 
Physical Science than traditional teaching. Consistent with the results of many studies on the 
positive effects of computer assisted instruction on achievement in Science (Ardac & 
Akaygun, 2004; Geban, Askar, & Ozkan, 1992; Chang, 2001; Yalcinalp, Geban, & Ozkan, 
1995; Ozmen, 2008; Stern, Barnea & Shauli, 2008; Zacharia, 2007; Zacharia, Olympiou, & 
Papaevripidou, 2008). this study confirms that computer assisted instruction is a useful tool 
for learning. However, less conclusive findings on the effects of CAI on achievement were 
also reported by a few researchers (Chang, 2002; Pol, Harskamp, & Suhre, 2005). A number 
of researchers found CAI as effective as traditional teaching (Choi & Gennaro, 1987; 
Wainwright, 1989). Furthermore, the results also showed that Teacher-centered CAI 
experimental group had shown greater improvement in achievement than Student-centered 
CAI experimental group. This finding is in accordance with the previous studies (Chang, 
2002, 2003, 2005), confirming that Teacher-centered CAI is a useful tool for teaching and 
learning in Physical Science. 
The results of the paired-sample /-tests computed for each group indicate that the 
posttest scores of achievement in Physical Science significantly increased for all groups. The 
lower pretest scores of all groups were due to the students' insufficient knowledge of the 
topic prior to instruction. The increase in students' performance from pre-test to post-test in 
all the three groups was very normal because they received instruction based on two chapters 
of Physical Science. Although implementations and applications used in TCAl and SCAI 
experimental groups were different from those used in CG, the CG students also received 
instruction which included all the concepts related to two chapters of Physical Science. 
Therefore, an increase in students' performance in all the groups was not surprising. All 
groups benefited from their respective instructional method, and their posttest results for 
achievement were consequently higher. The most important factor not to overlook is that 
TCAI and SCAI groups' performance was significantly greater than the CG on PSAT. This is 
an indicator of the effectiveness of CAI instruction on students' knowledge and 
understanding. The reason for this effectiveness is probably due to the detailed explanations 
and dynamic and interactive character of multimedia CAI software. 
However, Teacher-centered CAI group had significantly better achievement scores in 
Physical Science than did the Student-centered CAI group. It may be because the classroom 
teacher played a more important role in the Teacher-centered CAI group by integrating 
human interactions and discussions sensibly within the classroom culture, which could not 
possibly be fully achieved through individual student's self-paced learning with his or her 
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own computer. The emergence of the role of the teacher as an important factor in computet-
aided instruction is perhaps an unsurprising finding. Fraser and Tobin (1989) synthesized 
some exemplary practice studies and reported that the biggest differences between classes of 
exemplary and non-exemplary teachers were closely related to classroom variables such as 
involvement, teacher support, order and organization. Therefore, the interactive and veli-
organized teaching strategies embedded in the Teacher-centered CAI here might have some 
possible positive impacts on learners in the current study. 
Conclusion and Recommendations 
In this study, the teacher-centered CAI led to better achievement in Physical Scii;nce 
for students of Teacher-centered CAI experimental group than those of Student-centered C \ 1 
and control groups. This finding calls for a redefinition and restructuring of instruction lo 
include both CAI and traditional teaching. This also suggests the need for understanding how 
both modes of instruction should be integrated in activity sequences for science teaching and 
learning. It is essential to expand the empirical base through similar research to test further 
these perspectives as well as to ground theoretical conjectures regarding a framework tor 
integrating both CAI and traditional teaching within science learning environments. In 
addition, science teachers should be encouraged to use the CAI because it appears from the 
data of this study that it is worth trying. Therefore, it is suggested that teachers apply teacher-
centered CAI into CAI settings in Science courses. In creating a CAI environment, instructors 
should be familiar with different CAI approaches (namely, Teacher-centered CAI, Student-
centered CAI, and cooperative CAI) and teach students computer and CAI operating skills 
before administering any of these approaches in their classes. In addition, because cf the 
positive outcomes of learning with CAI, it is suggested that CAI software be suitably 
designed for individual, cooperative, and group work. 
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